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i 

l ^~>«5uJl A^x+aj <*Jlj <u!p 1(1)1 CjIjIsis Ju>^ "(1)1 Jj**ij (jj 

. . JUc^l d)lj^ ^ J^JiJl L>-lj Av-ljpJl Ji^>Jj IJLa ^ju! 
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^"U- ^yJ! <Lvii ^1 J| JUJ| ^jiadlj ^^Ji J 5^LlL r di"! 
^U! .c^U ^xi ^ dUIfj s -ujiJl Ai\j\j wJ| tfLUL* JU, JjpU**.! 

-Willi cljj ^o <U)1j 
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ol_>Uo>Jl oil? lijj (, . . C->lp'L*aJlj jl^Nl j^a* ^J\ LfrJ JJ&J t IfUCio 

. 4-sia*UJl <UjU*J aJLoNI ,_yLp U-.pl* Jljj N jJ»j 4*»!>Lu^lll SjUa>Jl 
ojl^l Jljj N ^Ul JjojJI ^yJLxJl JaxJl j* 'ipJaxll itf^Jl b\ 

(^N f JJ&» ,»-SljJ L^S«~ JxJjaJI ^yJlxJl l JuAju\ AJja^oa LS ^S- v — oJLS" JSJ 
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jjx ^UiSlI cJlj Uj t i3j_^JI UUl opI_^J| >UUJ| UgJ ^ ot 

oTyUi ius ^ v^ Nj . . u^j ik^ji 6 ju ^ijj ^ ^i j_p. 

iLL. yjUJ jLassM j| Ljiju oUly j>aj c^jyUJl ,^1 \+, a,^, 
V L£) LxpLL i^f ^ La -^ . . jO.^1 |j^ U^^M ^]| a\ ji US' 
*W~ Ui>. . i) <uijj (^^Jl oT^ll! <y L^Jj^lj iJlijjuUl y^l) 

0^ -^J l^J Vs^ 1 fjt^l j^ V=rj <>• iji««i» ojia^S" (juUII «ju* 
a^^p oljL*l jijJI UijUJ L* fjju ^ t ^_UJ| J j cu J| J J-^ji ^y, 

Jujidli . c Lp 1400 ^ ^1 JJ cJ^l ^1 oT^Jl oLSfl J UIju* jl~ 

4 . .(BigBang) JjSfl^^JI jLj^jMI j| c ^ 1 6 jSC U Ju J ^Ji>-V I 

LiJ> LJjLo ,U*JI ^ ^u> JJ ^ o^> ^1 (a^SII ^iill) s^Uij 

lttJ cjs*^' ls 5 ^^' j? " ^l „la : ,., AJ tiljUi^ Oi], tcjbtSCl 

jJUll (i>Jl diij ^Jw, f^ dLl ^^jj) : #^ ^p ^>JI ^1 

4^. oti ti^l v 1 ^ 1 ^ <^ V~^J t^l ^Jill ^ <y-Ul J 1 J-^ 

L^oo; aJjjS oUj^^ij SJJ^ oUjSti NJ jyk U LgjL J5jJ O^SOl JUpI 
vi^Jl Ilk (VJ-l3sj clujj jS OjSj oi jsr-y cLa <~OL«Vl jlaJlj .70^ I 
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4. *., .. la) I jJ SyiUa 4|1 ^1 JeCJ 01 aIj^^^I A-^L-^I oU-L^Jl (y> 0J 
( J>^\ JUJI OjJU y«> OjpUJL; Jj^vaiJl (j-Jj • l^j^j L^U ^ir^ Cx* 
*uJ>jM t-UxSC of ^1 rj^ OLiCJlj OUjD 0_^L5 Q UJlj ci^^j^i 

*i^l oTyiJl (_jS SjjS'JuJl SjjvJt vl^l CjLNI ijjji dlill . . v— ^ 
l^j^SC ui-iS'j U^~ij ^ r}^ L5*J -<v»l>Jl U^'_^ ^**J *^r ^ 

•yi <^1 ^Ja^...i *iilJbj <■ W^jy i>* jr^" i_s* °y>^ j,^" J ^JiuJl <_yvilj^!l 

vi^p- LJlP aJj)^ LgjL; pL^iNlj SyiUaJl o Jjn I4* (*-*j^ <yj ^^wavJ^uJi 
^yuJkll LjlSLtu SjJ&UaJl ijjj «j> ^^S" ip- ^1 *JJLuJl JjJaxJl 11a j»->*~~> 
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j^ <uilf> jjJl Sjj^ ^ jjJl aj| ^ ijj US' ^yUli j^Jio. ^y UjU Sjli^ 

OJ Jyl Nj ciSjUo oU >y p-JswJl DljiJl *^aU« 1^3 U-« *j^ ^jajj 
"&S ,Js> J->-jJl JJ^Jl (_yA Ub^-jJij UU-j:> jjJl Sij^Jl _yb!j]aJl 

Nj ^1 oNl^-. J cUUS -^ ^j£J| J| jjjil jiii t p^l ^b<!l Si^j 

|».l2x* ^yjp j\]e>\ ^J U*^ ■>] oLNl jjlo oj-^aJl ^yuu JaL-l o! Vj ^J~~>-\ 
Jl Ljl^lj^j OlJj j*j CjIjN! oIa a*>«J <il«wo (j-J^l /«-v9jj oIju _^-il Aj^Aj 

. . JJJJU .yjJl 4/ J 4 ,l UK ^kJ L. -J I ^i^! ol J I 

j*\j& l^e- Cjy- ^1 ^ oJU» oLNl 01 cJl5 li| UIL. O-Jj if-j^jx 

oi a^jUJI oLSlI 01 Jl jjJllj pj^l ^jUJI ^_ U? U/i Jl ^ii 

Jj'^r ty U- JC *^" <-jj~^\ i-ih>fe« ^y ajI •_j C a^Jj 2lJ! (Jlj>- c»>jjl>«j 

_^AljJaJ| CJj^>- Ujj (^j^i CjIjI ijjl Jj . .i_jb5s]| 4jU>J ^ jji-s^ 

j& Htj Cf ^jr^ , -*'^x>-| Uv>» oJip i-jU-i )/ ^j^ jl ojj^^-*Jl 
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j* ^dJ ^JJI <y -^b 5 ' U ^ Jk~- J^ ^ ^ ^ Oj^Jl 

^i X^i lijjis v^ ^ i^*i ^^ J 1 *" *J^1 ^~ ((jJ ^ oLiU 
a?*- 11 cr-b 0^ y.* - ^ 
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IJla al ^t JLiI cy ^JLll ^ IkJI fl <y>j . I* t-LS SjU l*J _^ L« ^j <^ 
jUi^l ^ I4J Ja^-i L. J£ Jj> \j»*jJ> J«i-iJj 4rfil*Jl -^ f^ 1 

oJLA (•_>>*>- i-ik&Jj . Sidi UJ W> j^ J^J> *U-Jl oi* ^ AS'yJl j*Jb 

l^siliS" <y ^AS" oljllJl olli^-jj .^-^-iJi 0* t* il *ib oljl^Jl 

. . Si i jjPj Ujvb* -ji ^j L^>«la-> J^J ^JJJ 
J£ Cj\j\X> oLjX^v. yjl&JJ ,_^w*JiJl flkJl ,J J>-^ yJl i^Slj^Jl 
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►UAJl & Jaj^ J cr ^\ J^ jjx L^Ki oSlI <Lv^ Jl^« ^ J^jil 
((^^UJ c5^>LUJl jlxJU ^U- Jlp oUji 8 <_> -l^ jbjj N ^^1 
Zodiac(,) £J^ SjSli j^-^i Jsu^UI II* v-J JU gJUa^l JiiJj .Ecliptic 

,y (j-^SJl J_p- a^lj «Uo"| ^ a,, ^JJI ip^^Jl t-JljS" J* JJ^h 

^jJu dUSZjAj . [ajj>^ dy- LgJljji oUo"! ^JJ jAj tJyJl Jl ^^jJl 

jUaiSlI OUviji (2) j (1) ONjJbyJlj cl^lili* SSjSj L^o LJ *_ib^ 

^.j/ J^SJI ^Us* ^- ^Ij^Jl J^ 6f "UIp c L^jJ oUli^lj (.Ux^-^lj 

i^-ja OjJj. 14 l_jjL5J ojl_y>- i^p I4I ^sJL, ajjU s/ .^^1 
i^-ji Ji* ^ JpLL" Jl JjvjJI -y> oij^" 1 ^ >UUl Jlj U ^III ^j^Jl 

. ^jVl £^u* ojl_^- 4^-jJ Aijlw. ^ Nj J^mJI J^b «JL* Sjl_^Jl 

: The Bode Law ,£$ y ^ jJli 

J^ Ub 1,>J 1772 r U <^ ^USlI ^1 jJUJI •>! 
•I* iLut 51 Ji^N d^ >ur ^JI <y> ^si^iCJl iUjS/ <iJaJl ^v%Jl 
oIa jji^'j li£*j 12^i t6 t3 c^JL !ju- iJl_^ J5^u jJisJ v^ljSai 
^JbJl aJI>uJI <>j i^i ij^te* o^ J* 6ri ^ ^ j^ 6*j ^Vl 
V*^ aJI^ I4JI ^1 .(384 cl92" <.96 c48 c24 d2 c6 t3 cO) 



xuJl c-^Jl jlx^j cOLJi j^ , f :»jjb 4 j^ji ji j^yi t «_^j| ^jip (i) 

.j. 1997 ii J[ dji\S 22% 

.JjLJI jJUaJl (2) 
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->UJI 




jjisjjU A uiAIU AJj-aJI 






l_)| «j.t..u\lU 


t4»OI 


1 = (ji»j Jil *a-a. 


Jaaoji 


>X»_jLS i_»JJ 


O^J'I J*& 




0.05 


3.100 


4.700 


0.37 


JjUojC 


1 


0.90 


7.692 


12.400 


0.97 


SjjfcjJI 


2 


1.00 


7.927 


12.757 


1.00 


u^jVl 


3 


0.14 


4.215 


6.600 


0.52 


M 


4 


1295.00 


88.640 


14.2000 


11.20 


^jlAll 


5 


745.00 


74.000 


120.000 


9.5 


j*-j 


6 


63.00 


31.668 


51.000 


4.00 


LH'pbjl 


7 


78.00 


27.700 


55.000 


4.30 


6jV» 


8 


0.10 


3.600 


5.900 


0.47 


jPj^ 


9 



C*>W u- 11 A-)^ ij^ 1 



(l)Jj^l 



UU&JI 


Ui£JI 
1 = ^jVl U£ 


vSjSJI 


l=»LJUJlJS 


1 = ^i iM& 


5.5 


1.000 


0.054 


jjlLx, 1 


0.10 


0.92 


0.814 


s.>a>II 2 


5.52 


1.000 


1.000 


u^jVl 3 


4.10 


0.74 


0.107 


fyJ* 4 


1.35 


0.24 


318.4 


cOiAll 5 


0.71 


0.13 


95.2 


cKj 6 


1.30 


0.23 


14.6 


o^bji 7 


1.20 


0.22 


17.3 


oj 1 ^ 8 


? 


? 


? 


j=»>l* 9 



6^' ^ 1^-^ 1 : J*^ 1 



(2) Jj^l 
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fn~&j o^pI ^jwUJl ,y 1>- JS J>\ 4 iJbJl iaU^J. ^iPj . jLd\ A:^,A .< 
^j ) 5-5X5J1 olJ^jJL SjJLi. ^1^531 jLo! JLp J^>J 10 Jlp iUpSlI 
c0.4 ) ^\j£\ JJ_: ^^ ^j .(^^jtJl ^ ^^| j^ J^^ 
J y> ^l^ll SjUIj .(38.8 1 19.6 tlO 4 5.2c 2.8 cl.6 a c0.7 

ilhx-' '■^r*' t/5 ■r^-'l V-\^J £Jj-*^ V^".^ ud ^ ^^*JI jJ*>j 2.8 ^J^J i 
i_^L» OLsCi jy i_*S'jS' i<u tij£j o\ <~*>*j <ul *jjj>-l p-UJLp (_jjJ juj U_J 

L. jJaj &fy .cJjJl dUi ^ L^ip JJ153I oUjLtJl jijj *jlp ^.^ 
. (1) <1,Uuj «Jip p^i J*> ab>" l*j f UjSfl jA^" L*J J$ £ l^" 

i_y" U^ >V- i/" jj^ ^J • Lf; (_y UJi L^KJi U^ J^J ^y"^ ^jL*^ 
CjUI_^>- LjJl JiJOu ^ *4Ui . IjjUo^- £jjlb> ejbUxpl ^1 r-l_^l oJl» 

U^l (iji a» (*-4^j .^LJlj ^-jJixJl Jb- Jl (j-UL col (^ luj^S^l 
1 pIjIj oL>j ^ dU i > Jl 6U>I J^ jjjb l«J ^ ^jS/15 ^1^5" 
fj^Jl g\yj ^Vl Jj>- oljUNi u ^o ijjl jiii ^/Ji oT^l u! 



.8^1 IJlPjJlij^- (1) 
.76 t75 iiSlI JWIjJISjj- (2) 
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fj^Jl gjyj 6\y~\ J\ OjU! tfjLJl ol^l tf \j^ b\j 0) i^\ 

J* jJt Jl ^>„ l-^_^ til ^ tf ^>Jl ^ JU ^lj ^Ul <^>uji 

<LjjI_«-«JI 6j_5J| <L_<v^Jj_j ^_4_*j Ja_jj_Jp J.-A 5^-j j_JI Sj_3li (jlj 

ajJbJl a>w»Ij V»^J cjIpj^^ ^ CELESTIAL GLOBE 
dlij *^>j Ji_pJu J^ij Ja*j Equinox *U-Jl ^ JIjxp^I 15 y~ 

. (3) [0pjl 

^yi-ftjJI Jajj^iJl ^jX^wi ^ jcSj ( i-woJL)l u_p- £)j>iXj U^>- { J?j)i\ 01 

. <udx>t« lpl*ijl OJjj Jj*-Uj <Luo J^ 5y> 4£»*j iLiLS" ojji rtJo ^Aj 

.^^Jljla^ll : JjSfl 
. LS wJl v ^U3Nl :^liJ| 



. 1 : X/5II irj^l s j>^ (1) 
. j^SlI jb iv-wuj ^^ iLu-SlI isjlj^lj ^^1 lu^Jl (2) 

.JjUIjXaJI (3) 
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pbiu-lj ^jSlI ■y Sjy*UaJ! *Sj*)\ oJU wULi^j JS" l^lkj l'.. tM .»Ji dUiS" 
L^jji rt-w»i jJS 1 tbjL*cu U-*j ^JLp ,^1 ^\ rt -v ^Ii jjS'JUJl ^-o-ftijJl Jaj_^iJl 

Ljjc« i-^Joj Ljjo» lijA; U^J u* J* 4 ^" j4** Wp - ^ *JUSL fO^' A*!^ 
lytjj <pL- 24 ^^U Lfv«^iJ i>-ji 360°) JSlii 4 *# JS 1 ^ L^Ip LjUo 
. ((J5lii 4 = 15 -s- 60 t S>-ji 15 L^ijJu a^Lmo JS" 01 ij\ . h?js 15 (_$jL~3 

Ly*J i_**iO^ Jl*XXP*iM Lfj lO-j j^Jl ikiJl (iilj ^y IJLI j-jjJl 01 ^^U Jjijl 

. g\j\ 4j%* J^ni JS3 j£j Jj-^uill (Jlp 

. ujL/jJIJ^ p.ljJbJl-JL^Nl- 011*^1-2 

. LJj^iJt (La* jjx^ill _ iwJjiJI _ 6lj**Jl- 3 

. ^lliiljvai CJjpJl_jJjJl_(^JL>Jl_4 

<, J^^Jl r-jj AjIJU jlil 21 ^ Jvixj t^JJl tyhrijJl JIJixpNI ^yia . Ji>j>«Ul 
aJb Ja-j>t» (JLp SjOj^p L^XxJtil ,1a a. . . >. " . < l_*,^>JI eUnJb (*1j1vj ill Ja>-) 
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JsLp»*j» ^jip L<aj| AjSjaS- L^*Ji| JaiL»Xa Ljlj ijJb-Ji *JaiJ CjpU-j i— J ji>Jl 
•jP pU-JI ^ ilaiJ -UjI ^jAj f-U— Jl r-jl ^1 j M *Ji}\ J-^3 iiJi 27 J 

Jx» jJLp Xj3j*p Lp<ui! Jai^Jj jj> jLS OjJLa 152 ,^lj>- /JLjj o^j^I 

147 ,_yllj>>- AVj u^J^ o* * 1 '-*^' c5* *^ Vj*' l5*J ^M- 5 2 ^J ^"J^ 
^ ULc>- AiJjf . (5J>Jl j\x» ^JLp ioj*p L^XxJif Jai«Jj j^a jLS OjJL. 
U.^ ,LwJI J J~- ^JUI iljU> (,) ^>UJU Utijj Vjjj 'U-Jl 

. ^Ij^. tyjj Ulj^. l^i J*>-j 

i*Utf J. i (^>>-l ,_jJl ilj^ ,y JiZj <5j3 ^ j^l dy- j^ill jjJL. UJlXp 

• ^*Jj** ^^ *iJ^>^ '■ i -f > «J (V^ J^l CJ^UXJI t)^» yji\ jlJU (^jXwi 
L^'-'' 1 " (jtH ^ ^^* -^U _^r*-SJ' ,/*i & LijjL>r i *V^ ^^" c**J 0^3 



.16 :hy\ :y^i\ijj^ (i) 
.61 01 lOUyJlSj^ (2) 
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rti 






.18^1 :JUJtJNl 5jj^ (I) 
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fji ujIIp Cjtf <u! aJUail fjj u-jIJIp pjbJLtti ojjjASo^ (1) 4^U^ <lJLp ^^^ill 

' J"^' V^ ^J^ U^" <J J>4-«*J Jlj^Jl -jP V^ ^' 0^*i 
. JJaJl djlS" UJ aM_jJ t,j>.\ *->~>«j L*-Uj LjAJ Oj^j" JJaJl hjj> 61 

f>J> iaLSLJI i*JlVl SJJ. ^ JL^L-I J-oljP SJiP JlaJl SJji ^J J<p 

SXi CJIS" UK .<**£*}/ 1 Jajl^, *Jjljj i*-iVl <ulp JaJLJ ^ill (t-^l 

f L^-Sfl Uf . .yCJL ^r^Jlj i j^l sxi JJil! oils' i^ iJaSUl <^Vl 
ibU C U^JI Jp UAaJl <di (^U-jJtf) JjVi gjJl L.! .oliAJl 



4j*^ai 



.45 SjNI : b\iyi}\ Ijj^ (I) 

. 189^1 : M^l s -^ (2) 
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£_jj| IIaj . 4i~*_*i> JJaJl OjSi SJLi>-l OjSu U^>- ;^5l siiUl <*jS\ 

. l|J!sU- ,y JLfcJ iJSj^aJi iu&Vl 
ij^Ml *^>Jl ^1 A^^ij jj5UJ *L*>-)h y ^Wl fj>^l Ul 

iJbli l)j& (^JUI j^^Jl LiUi ja : The Black Body *yJi\ j^oJt 
SiiUl j\ aJs- aL*£*^JI a*Jo/I i^J Ul toj-^ aJj^aII iwHJ "U^Ua^l 
Sjl__p- i^-j'ij 5jjU» «C>jly aV-j/j f-iiy i>tJlr bU av>L^£uI -Iipj . iJbf iLJLSJ 
^jLp axJLU O^Sci ^iUjJl *~c>Jl Ul .(aiW» JW J^-k Cj?^0 -K>^Jl 
<1)j->Lj a-^LSCjuI Li .s^NI (*-^»>»Jl ^ysUoiai S_JLjIS ^ JSI t j^L s ^u'yi 

ajI ^^Iju IJLaj <.(JJJ aJ d)j5o 61) i_iLa-iJl ^ >Jl Jk ,y XwLi _yts1j $jj t )l\ 
JJill SJui cobjl i^** Si I *— >JI ^ v'.r-'M rt-*^Jl *i^^j Oibjl UiS* 

AjLkyari L^iJlA jjl iJj+a]\ Ax*!^! J^aJ ^ UjllP Jlill D^SCj 

. iJj^aJI AjcJu j| i»jJL»i Aj j\ j 
ikU ^» L^wftjj- jiiali LfJ )/ oJLiJl ioLu A-^lj^" ,i OjSo Jt>UaJl oJl* 
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,y>j^l *Sy- p-bil ( _ r ~»JLil i«<JiI aJLp Jai>~j ,»-~>- JJ? Oj£j i—i^ 
^ SjiUaJl aJj^\ A*jN\ 01 : Jj£ Jlj-Jt II* Js- ^\y~A ^y- 
]e>yu» Ajjlj jJCj l^j lj± J£ ^ <-,y>ji\ tSj>~ jij y$ u ~*Jl$\ 
^Jj> iaJLJ ^^^JLJI X*S\ OSl 3^ ^ V <iy ^ ^J J' J-^ c/"" *■*** *' 

^Jj JiaJlX. ^aS* dXj J\ >" fJl^ . .(U/i US) ^i_^p JS^io ^^Jl 
• (2 Moj>li f*j ^ k*~ JSU^JIj j^Jl ^ dW IjJi ^ -y Al 



^ J*rj tslsil JUJI -y j^J J~-j Sl^i JJU- U- ^ J*»- 4 
r sOUJ ^XJLp <c~J j^ dUiS - ^C-L ^ Jsjl^j >JI ^ JJ^- 

jjjJL ^^j Ia/j U > ^/>j% cjIj^JI ^ ^ 0»*-j <iij)> j^-JI 

. J>[ju 4) IjJ^u-J (j^J^lj oUwll ^» -ji ij»-j 

Of ct~p- oj— 53lj v_i_^Jl ,_,* -db-!>C U cbUall y»Uk ^j 

.45 Vi\ lOli^JlSj^s- (I) 

.48 hy\ : l j>J\ijj^ (2) 

.81 iSlI ij^dlijj-. (3) 

.30 I-Sll lojiyi «j_^ (4) 

. l5tSll '.Jip^ISj^ (5) 
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(j-^^-lJl ajO! Jj-^j ^ JjJ i_jj-«S3J iLUJl ,y>jS/l jl»Lo ^ Sj|^>J| 
IjJj ^1 i)jS *JL>. iJ dUIS'j ( _ r ^iJl lJj^S <Q>l>y> ,J zjj US' . LjJl 

p. >JI oUv=. J^o ^Ul kLiJl ^ ^ jjyi <:LsC. JLp Jjl. , . . JtAJoJIj 







56 isl I,^ Sj_^ (1) 
,41 Io^jjJI Sj_^ (2) 
.43JL.SH iJuil^l ljy» (3) 
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. (l) ij^\j JJUI {& /^j j^-Sb >U!j ^rUJl ^ j^-j^ 

jj^jj^l jJlo a^jjlj j^aIjj t^^^^^wJl /»UaiJl ^ Uj>- jjwSJI _^~ju 

JUsiil a* 2I5L4JI ikSCII ^ J^aill ^xOJl 01 Jix*j <^~~ i^L* J^ 
L4JI ^j^l AXjJU- 6_^waJ •_£! i^~£Jl ^ j&l jU*^)" V-*^ t/ '(jA/^ 

Jlli^ ^384000 J| ^376284 ^ L. ^jl^J wL*o ^jSlI £ckvo 

. (2) 5f fJWI 

^jSM Jj^- jjJuj ifl> jJLS 1 10 22 x 7.35 Jlj^- j*ti\ UxS" ^JuJ 

U 1 Jla . <u* OjJ-fl 4720 o^^p aJujj . Loj^j apLJI ^ jiA jL5'3680 ^p_^j 



.33 SjS/1 :*-*Ijj1 OJJH- (I) 

. *>6 aj Si I :^U;Sll ijj^ (2) 
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. (1) <^&>. JU <il y^aJ yA\j ^^tJi J^j ^>j% cj\j^J\ jU 

\j~a bj$L JjV! i Up Lr ^ti\ icjjj J*^J Uj ^y^ ^j ^j 

U t a^L^ ^ 759 UJ JjSfl JU,j . (^ ^p) jjLL. jWlj (U^) 

. s^ui o-uji ^ y.4i juj ^jiiii ^i 
J ^ AJi* J^> (JUi j* j^\ *s> j^j & jji 5} 

C^-jJ Jii c JUJI jyLil ^ Lit .^Lp G Ul OyLJl -^ JjVl JUUll 

J^ 1 <V Jb v^ 1 -^ 1 alA Ji jLit j^ ^i oi>Ji U loif^Ji 
^iJlj ^^iJlj jl^Jlj JJJ| jLt ^U| ^ . . h j ^ ^ ^ jLfjJ|j 

^UJlj ^^Ij ki>. UL jl^J! JJJI ^ j^j| J^ JjX j ^ ^J ^ 
. (3) i>JLJl Oj -Al 4A! ^Vlj JUJI a) VI V L ol>L- f ^lj 

cM* t£*» 3* -r^'j lt-^ 1 A-J J^ 1 ^ jWJI gJjiJ j^l J JJUI 
J- O^Uj U Aiji ^ oy>o: ^Dlj dJLLJl J ^ Al ^ j^ 

1959 f U ^ . ui^JL w>. ^ ^ cJl^ UjUI -jjiJI 01 
(j^j ij^ill ^ku- ^ il_ykLjl _^p A-^ij^J! U^**^ 1 lSyJ\ cJsua 

.61 Oj-5ijv!| Sj_j~» (I) 

.33 Vi\ :^U^I 5j_^ (2) 

.54iSfl luil^Vl Sj^- (3) 

.29<.Sll :0UiJ Sj^ (4) 

.13 Vi\ :_>li Sj^ (5) 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



C-jJaS Of J*-> (js-^J^I £^11 dili ^Lu- JlP ^y-l i'S'yi cJslJO |»L)I 
(^1 ^> JlP J*^! aJUp) iJuJl oAa Oj/Jj ^ 470000 iiL^ 
21 <yi 4 JU.J! IIa J W« Hy^i 1969 ^Ull ±+S> ^ <.&\j* Sd*J 
tjJ >iJ| »tL- (jLc- i!y»U i^y. Jjl eJa-A jjS'UI fl*Jl y jJjj 
f-y>J\) tyJi\ «l1=l^ Neil Armistrong ^SC^S/I *L»a)I JJlj fl.iSl c~~*Nj 
01 .Jlp JN Jests' iapj Jl ^ ajU cjUjLv. J^ ^j ((JjJI jJ> 

-v-oj^I -y. Jj^-J cijUa ( _ 5 *-~j" l**-lj A3U- Jj4— q* i-ilW -r^l £^ 

A>Ja«. JU *4y> Nj f-U N b\j 'V~r ck'^'J ^Uao^j tv^^Jl 
. . ilb* (»-^L2j oj^i SLk yj>iW5l pIj^JI *-$-*-« ^UaiJl iljj J^>4 ^^ 

t^Ul u-L^I^I Ja~*^j cf-jj^ll _/-j Ji» jUJl ,y» LjpL-jIj IfllSLil 

0j5o LoJlXP *°117 ^Ijs- Uj|JX» ojl_y» *>■>> j^iJl £-^ dii-Uj 
<b>-_p ij\ yxJl AJLj LfJJ ^ J^J *l^x Nl Jx>- ( _jlP 4j.S jj^P (J-^AjI <btAi! 

Uip . (1) >^l cu^" ^°162 Jl -^ JJJl oL^l. Xs- ^" jt^j c°14.4 
.tw^jl l«jj 14 ajJu U^« J5 c j^iJl ^ d)LijL-x» jL^Jlj JJJI 01 

^ Ui*Ml j <-.ljJJI ^ . <2) <fojtt« ^ oUS( dJLli J 51 >A ^t>— 
<y jjS^I \\jS ^jNl ,y JbJLtJl -u^iJ La Uil yO)l IJ^J bjlltj -jiJUJl 
t <u!p ^j^SU^i ( _ r *»-lJl i*Jil j^ill (Jlp isuw i| Ujkvx jiS'Mlj jUi^l ^j 



.12 vill : J>JI Sjj- (2) 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



yofy : *jjS3l OlyJl ^ (JUj 4jI Jli (^^J^ll) d) J> x>Jl ^1 bj-k ^ jjj 

t^^Oj^w pyi oU^I J-Caij <>«JU *>(} dlli -i! jL>- U yLu^Jlj 
t (2) ^1^ Ij^sj U-tj- l&i J*>-j Vjji fUJl ^ J«r ^JJI iJjU)> 

JL>Jlj iLsLfll tijiiJlj ^JLST^Jl oUjiJl ljNI (1)i *-pj _>jJl !l*j 

c-w*jj p-UaiJl ^ L^S - ^ jjuij jJiL« J^Lij ^j^l ^^ jjjj.ejill >^ 

. (5) 46V^ j*2&\ J j-^ty 1 (4) <(6j»v-4 <4il ^ 3*J -M c* 1 - j^i 

rt-f«|JLil Oii»j *j->- <iLt5^l ^^Jlp •iljjJl j**- c^^l j*Jl j-* j^^l 
4>-Jl dUS ,Jlp jijA ^J AJUaAJl CjLS"jaJ| (^J^-[ CJa>- UjJjti , . 4-vijl 
*j* iijljujl CjLxIjJlIIj Cj'>Ul?x1!1 JLhjj <U» p-1_^>-1j lUp-U- t^il! «Ja*» {y> 

.5 JjVI ij-Jji oj>- (I) 

.61 XjVI iOU^Iojjk- (2) 

. 16 4jNI :^!j>- (3) 

.40 3jNI Ijj-j »jj— (4) 

.5 *Si\ : 1 > ;> -J I ! j>- (5) 
. 209 - 182 *>*As<aJI 1973 . 8 iJit ^OJl il>* (6) 
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o*^ i) U~y>" 


jjlill j Id" J iii'i 


j^l^l 


%53-44 


%46-4 


Si0 2 


%3.3-0.9 


%12-2 


Ti0 2 


%19-13 


% 14-7 


A1 2 3 


%14-7 


%22- 18 


FeO 


%10-4 


%16-7 


MgO 


%12-8 


%12-8 


CaO 


%3.8-1.8 


%0.5-0.2 


Na 2 


%2-0.3 


%0.3-0.02 


K 2 


%0.3-0.09 


%0.29 - 0.21 


MnO 


%0.6 - 0.04 


% 0.18 -0.05 


P 2 5 



(3) JjOo. 



£*15 oji t^jSlI ^L- JLp ^90 d}i c^JJl 0UNI : "&ui cj\ r c^j 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



N| O^Ui SJJiJ j^l *ijj (^^^ ^* • • j^AS \j^ J> ^^ (j^*^' 

JjSCjj JjSfl J^f!l _^i j*iil ^lill «^jJl Ul iiij_ytj| oLjSLJbdlj 

A^-jJl *j . ^uJUkoJl SJLkuJI jJli) ^i t yji]\ lj$ L_ivoJ «j~-dl AdiaVoil il)jSo 
i^o^UaJl f^^JllJj UUxdl AlLldl y jS\ Sj-ldl SiiaxJl O^Suj <*-^ ^ 

^ <y) JjSlI J^^JU ^\^\ lH*JU ^Ml ^1 ^ t^A^I 

alp ^>- Jjb-« oljjjj jaj^Sjy . . IJ5Uj (jjU^Jl LJl a>-jJ (o»Uol 

LjUj (JjLo) tj^ <L~~>- {y alijji yi-dJlj (-pi <^*jJUi]| ^^j-jjJIi' 

i>» ^ iXr^J ^ L5* JJ^ 1 (^ dr" W^ ^J^ 4 ^U J 5 " <-Lri dij^j 

^1 (3) 4jJ| li| >tfl> . (2) {. .jl>^Nlj ^jiJlj «Jdl ^ j^l 
29 ^ jj&5 ojjS'UI ^1 -Ufjl 0l UIp . . dlJU *Jj J^j **&yl 
^ybj A3j^tJl i^J^iJl y«.|_jiaJl AJaj- 1 ^ ^^»J OljjJlli 1-U Jt)U- -^j . U_jj 

. . j U>*JiJ A^JI 6 jAllij jjwtJLlI Ljj^Sj j^aJI ^£y~P- 



.39^1 l^-i ojj- (1) 
.418,^ jli JjIjup JUJl i»%JJ i*i_^Jl oTjJtll j~J& (2) 

.18 Jj^I : oU-i^l "«j>- (3) 
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PPP$iy 



5J3C W« Mfc« ft! 

^-v-^.i. •- >*tZ3 ffl £'• Si Pa Kai *« ■ 

3z^ii$&$y la ft SI H IssH ^#5 !'*•• .^' s 

WS^M^ MM 111 M fil^M&P^ I 

mm 
nlNIHMt 



Jj*j 



mm 



W 






■ 

11111 



WH 







■ 



> 



• ■j"*: 



^ 



Jl j^ pi ( 5 ) pij jJUll J\ ( 1 ) j*ij JU«JI Ul> ,>. HJfcl \yJi\ JLSLil ( 3 ) J£A 




^^^BpaVMPf , .,, 











^ ^ L.J1P ^Itllj Ul»« ^1 0^. Uou> JjS/l . oUSUIj 3UUJI OlWl ( 4 ) JSLi 
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-ti bj& (S^\ jJ^\ J*3 j^iU (^UJl 4^-jJl J 4$yA2- jjSCoJj 

tall cjUt^Jl dj& ^Jj ilfUaj ykiJl l-*»*>«3 1^-umIJIj jAAJI <^j ^Jj" 

jbu! B^Ip Jl jU ^y> yj>- *Ji\j X> t jA ^j V-Jl Jv»j UU-ij jL>*JIj 
SykUi J^a>*y 1^-5 LpUj'jI oLJl *ijj> d~>- l>U 0j£> UOlP y^SJl c_j!>- 

yjS\ (_jJL>- By LfJlJiiil »LJl _ r -x^i ^L&NL Ul Syblii ^-izJ 
" 6J ^ ^ 39 V$M UJLp cJiJ Ujj ^Ij UU/i ^dl JjUJl ^j ^L*-*j 

JJl5 Jd\ II* ^ dJlli<r U ~+£U j>JI^ Ul Sy>& "UU-I ^a»J 
^IxJIj (^1 Jl *oi & jtf ^jMl Jl ^ U-) >tf I jJt ^jUU 



.8 Vi\ :i.L5ll Sj^-. (I) 
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•l^s*- ^yaabJi j\ ^LJI Ul; V>-J ^ ^J*^ Vr^ Sy*^ ^jpj-*-" 
xj^JI J^p ct>Ji>«J ^yliJl Lo! UU^ j\ IjJb ^Jl 0j& L»dxp JjNl >±jJ^j 
jl^Jlj JJLJI tfLTj^ .(4 J^iJl >1) . j^Sfl g^l J ^Ji^j JjNl 

^bJ! -^ ^j OljUlj y*-iJ!j Jl*sJlj fj»*sJ1j j^b j-^b u^J^ 1 
U Jj«ij -oil 5| f^ ,y *J Li -oil j^j <yj lJ1*J! <u1p <jp- j-ifj 




i_ai>- i»U oj^*aj Ua>^" £-■*,>•* («* j*^' jfeiJ '(J^l j**" •Jj-j*- i)L>- ( 5 ) J&i 
( 1 ) J£*iil ^ L>«-si>jJ L^das-^U ^v ^^o-iJl iJj^i" ill>- Ul 



,37 vill :5Ji>JI Sjj^ (l) 
. 1 8 JjVI : £>JI 5 j^ (2) 
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JUll IJL* 4_^ljjJ oJLp CjNjIs^j JljJI ^yjJl ll* OLjNI fli 02J 

OUj^l l)LJI LfXp 1— ib>-l 01 ^1 SKltivJl ol* clkj <. oLJ v^W* ^^ {y 

J* rt-S" Oil . . f-yju\ ij>u*o -^J^ oA^-j /»Jix£^li . iwJb-JI oAa CUlj ( jp\ 



,16 IJ^JIojj^ (1) 
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/^Uj-^Jl •j-j-JI jS^a tiJ'tJT 

4Ul ^yLya J-<u>^i (j-Jl yip Oljill JjjJJ i-jL^>JI f^L^I ( l ( _s>^' J^P 

ApjJI A^vaj iS^JijJl AJIjiJl oLMI ^JLpI cJjj t*JL»j <ulj aJlp 
iS-^JI ynljJaJlj LijjScJl cjIj^a^JI ^11 t l^^jxJIj i~*J>jd\ twLpjJlj 

. ."M| ^J Ja^dl f Lj| SAP Jl 

: ^j-^^iJ I "y» La JjiJ a^jjL ^jLj U5" ^ i_-51 jS3 1 oJa j cIaj^p jl ^v^JLU 

l(l)j£*j C,_^jJljjl tj*-j l^jXJUJl t«j^Jl l^jj/l COjAjJl OjUaP 

^^j Jlp £*U:>U (.5 )j ( 4 ) ^jJi^l lib-!** -jSUjj .oUUIj 



299792.458 Jl^ jJilj £l>Jl ^ ^1 l+Jai ^Jl iiLcJl ^ : U^oJl i^JI (1) 
{*# 365.242 ^jLJ iJb-Ql i-Jl 01 L^il _>Jj . SJb-l^l iJliJl ^ 1^1* ^ 
^Oiju-I 5 r Jjl Oij . jvi" 9460528405000 J JjjIw. iJ^I fcJl Jjjup 0^^ 

.97 IfLuSlij^ (2) 
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( a . 1 .>l| J\ \+,j\) ijUa* ^j&\ &> t\JsA ur »-JJLJ V^ V^ 1 .^ 1 CpJ 1 < 6 > J 5 ^ 
. LrV J| jp ijUaP Jiaj j Ji2i L>" !_/ 1 00 *u-j ^d3! ^ J! 
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y.i.i'. i.. '.rudi.^.Li.iu ai.u i. i..ij i i.i i .i .iii .■j.j i. Mi: 



U-i oli-ljiJl bUj ^jill oljUJlj tA^o^cJl «^>UvJlj />jsr«Jl :LJ^ 
ULU JLp Jlk, 015 g;l!l) ,Jj£)l Jj£!l jUllj fXJl Jl oUl L^o 

Lg^ sjb-lj J5j cOj^l J SjSl^uJI ij&\ ts>Sll ol_^Jl :tiiU 

The AJllUl i_jj^ ^^axJl Lf**— i ^ jO *J^I '-r'J^ ".r^-" °^»-~*^ \^y>xj> 

.(Milky Way 

v^ jiS'l) ,_ybJl U4rk kr\P J 1 ^ "^^ J 1 fJ^ 1 iJj> <^ 

aU> pUiu 'iS'ljXjil ^1 4jL/>J, IOjaP tAJU-J A>-J^ C«U lyoUJI <Cijl_p- 

^JCLi Of aJoX— j Nj i^l jl Ji^lj O^Ui £f**i f ^^ ^ ^'j • s >^*-^ 

oli J^US pUa^l iJL» ^ ^J ! W^ /»UaJl Jij N| /»UaJl lift ^J r-^ 

*\yJ\ dK& JpLi; j! :>L>Jl JpLiJ 0j£. 01 W J^Uxli 11a 01 i^>- p*Jl 
L»jjj) SijjJt*JI j-^liiol ,y> i-lp ^ IxAxj ^jXjIj <uxjj>oUI <olj^ ^ S^^p 
jvjjJ ll^i tj^T^I *^ ,y ^J^j Jc-UJl 1 1* j cdcLUiS" isj^tJl ^ 
tL^j^U^I jJ Si^U^ c_j>«J ■ii^i*' ■ • . IJ^aj jj/tJi iilij (ijj> ^ilij j^- 5 *"' 
The blak Holes (2) *bj~Jl v-jyill lfc*j tlijJ^j— Jl f_p«iS' iI$1p1«j J>j 



_ 6bJ ij»_^LJlj SiLSilJ j~»*l jb n-~;j Vi^ ^^^1 !ojlj~"Tj 0*^^' JswhaJI (1) 

.213-212 ,j^> c o j ^ji 
1$jw cJ_pJ i^-ji Jl f-UUJl tZjL* Jo~ i*jJi\ i_*SiJl ji »li_j*Jl ^yill Dl (2) 
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j Jivaj iJj^jJ ?js*i ^j Pulsar Stars i*ajbJl f j?«^ ur*-^ L 4 U^J 
oU-jJl oIaj >-Sllj -^>JI ^j lf^ o^" ^J J - i, -> oL ^ ^ 

o^UUJI ^jj y cjMpU: ,y> SjLp y> j^JI J^-b ci^^i ^ <^ 
«sjj . .U»l *Li 0|'U>-^ Lp-yti-) cij^ 1 ciJ^ 1 jr^Nb SU-JI 
Ol Uj 4| »j>JI >y W^ «jj>Jl <M a* ^ u V* 5 oiA V-^ 0* 



*il JjNl Jjij (Momentum £liJul j\) ^j I4J ^Jj ttt^ ^^ ^ W ^JJ^^ : 
Ji^l Scientific American *L>^ ,y>] il^J> ^ M i^^il Mj Bit I4J ,j-J 
c^" SaUI ^ Ija* &S ^Uul ,l^r ,y JSLiS *li^Jl VJ^ 1 0li *J • [l996 
Ji -ij U JS Sal* /vbj ^j *bj~JI VJ 2 ^' O 5 ^ 1 Gravitational <_jiL>dl iy olkj 
JjUal 01 :£> -**£ <~W- >j- ^y ^ US' Usui IfS^j 1^ 015 jJj LjAsU- 
U^ SJUoSlI ibSCJl cJLS ISl» .^^liSj U^L. l yuu S*)u V^>^i W-^r IpI*- 11 

J^j Ujj!i\j ii&* &~S ^ AijJ^Jl isjkJU J>JI <-iVl oI^j> <y oMl 
^ ,|JL1I Oj£ll JUjI jSj ^111 J>JI 4 Si>U g^* 11 cH 1 iL wl y ^ 

^t Jai _ c^Ji ^ap ^ Ji ^ ^ ^ ai ^^ |j> ^ <y ^ <*** 

A>*isall Scientific American iU^ : jX^oJl] |»-»^- ■Oo'j ^JI^JI ^ j-V. (crTj^-) 

3j^. y» s^jUJi fijjJi v^ 1 ^ l j j*i o* ^^ r 1 • Cl996 ^ ^ * 56 

Soliton 0j~Jj>- : iyUI] oLiyJ_^- ^L ^-1 JL>^ ^ ^j^^ ^J ^^ oLi 
^ IJSCaj .56 - 52,y JjLJI jJUaJl [i^iJlj jAjdl ^u. Js> ,jjkj US 

Jsua l^j>- yij jlp" i/Jl 3jl^»Jl s^^b f^ 1 s ^ a* ^^ Os^W 
; 549^] 0U _ o,^ _ ^^1 ^IjJI *lr\ j\i - jp j^" p\ 2 i.Sll jySiJI 
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»°25000 - 1 100043 jl j?- Aj v 1 ^ 1 c5j*-^' f** ^^ ^Jj>-j hky. 
°11000 -4jJj>- hrji «JlJ jjJ^JI *j>Jl Ujlj (1) 4_$yuiJl .l»j ^a 4llj$> 
LjJLJ pj^ iJboj »°7500 - 6000^-oJtJl jJa-. Sjly aVjJj *7500 

a a>ej dlllAj w Jj <U jlfl 4>-ji 25000 AJ-*3 Wjl Jr"" 4>-ji 4jjjjSJI f>j>Cj\j 

^ p?*x!l Ujj>«j (jJl 3jl_pJl 01 ^t ./>°300000 Iffjly- ij>-ji jjW^i 

. . 45lj>-l fcAJ?- (Jl 4>j|jli 

*-o (_g J L<0 >jp ^>- (Jl (JjSXj /> *SfcJI Oj5vj U j>>- io-J-« 4j Jaj <Uj 
i^lll ^j^^JLil alioJl f-jJLJ JvjI 01 Jji" iJU^ :*Jaj«Jl (ylj^Jl jkuJl 

UJip I j>-Ij U^>J ,_yv2-« fjj ^ d)L^ *-^p- Oj^3l oli ^ja »j>ti]l (5_p»j 

JS" ^ jj-^jJl *^3 4^> V 5 "^ ^ W* C^wJ LUaJi rt-JajJl jUtiJ^I 
N l!~>- ijj*tf Js-\j j^ Jaioj c XOj^Jd ^*l ^>- *<_^ J-S" *UJl 

c (3) <0j^^i dULi ^ ^j jl^JI J.L, JJJ! Vj >UI iljjb" ol If) ^ 



.49 iVl :^l Sjj- (1) 

.30i.Sll irtUVlSjj-. (2) 

.40 ijSlI I.j-J ijy* (3) 

.33 JuVl :»-UVl Sjjh- (4) 
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£j* jJS> {j£> i_ iLxicj (^ Jill l^j ^UJl L^aUaJ IgJ SJj&uJl j»j>>cJl 01 

i}L*j L& Sj^xuJl AuUJl J^ta tJJjj vi~>- t«GU»j tis^j jji OL^lS" 
L^j'U-o .ju*- L^ji j/j «Ii« *»j>tjJI oJjs L^j ^<>j (J^-ly iJL^j *U«ajU! _» 

^y oVl o.Xp ^Jl J-^aj oj\j>xi\ 4j>-ji ^ P-UjjI LiUi (jil^J toljJl jSj^ 

^s SiL j <L>A>tjj jiS"U jiS"! SjlyJl Ssyji .stalls <.4jU_^« ojl^>- oU-ji 

>,/j.'..«u (l)lvaJiJ <UjUj J-va>- (_siJl i^-UJj Jll A>tji) (jjLJI "j^ ^l5'l SiUJl Jajc^» 

. 12 JjSII :5Jl>JI cjj- (1) 
.61.VI icjUUJI i Jr * (2) 

.6 Aj'JI I(i ejj— (3) 
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. (1) <^uJl yllc -4I UOXPlj 
J ^>Ji\ O Jl*, ^JJI JbJJLlI JaJwill SJU- ^b : aillsJI iia-jJI 

/.j^Jl liti)> .The Black hole ij^Nl i-JaJJl ^^(wj U jl j^ujI /»jS Jl 

i/Ljwi ajjxJj d>L»*_o_U1 SJjJUl fj>*J ^H}J c/>t?tuj| .15 JlP LjLuXj 

djaSvj tJL^ 1 Aiw wolilo .Jl LgJfj *j u«> Ai^xiJl o-<k-**j >Ajj h1)U-»JjI 
Jl J^" ^ JiSfli JiSfl ^ c JjSlI jJUsJl ,y jtfSlI ^L^ 1 oli fJ^ 1 
t jJij i_JjXS>UJl JjJjJI J-i^l AXsUJl (>j>^Jl _/>~l j^-vi'jXi j^oLJl jJ-SJl 

Jil ONl tw^I j*-**^ ^ ^' j-* (*-*_^ • ■~ a ^j>^\ O^^ W^JU o^i 
J aIsIa L°j?*J C^Ll^Sl (Jl a jj^Jl CjLj5LJIiII lx«J>sX^«>l (1)1 Ji*j IjjJoj 

j^S" Ulijl Jb^-b JiliLjl c^sx^/sli <LiLLJI ^ SJ^i jiS"! L^iU^Jj L^« «>»>■ 
aj^xJ i)j>3j 2,512 Jlj^- t ^^r^ a ( jiJ' k ^-*-° iP (js-i i3yu\ ^J^i. ^—^r* , 
jJiJl fj>*J f'jiu-o ^ ^i5l i_ijcy2> 100 ojJLs Pjia*" Cjli JjVl jJillI 
jJJaJI (>j>»J "y jiSl 2.512 f-jJa^ oli ^iLJl jJJul p^>*jj c^*oLJl 

. (4) ( 6 ) Jjj^l >;l UsU, G Ul 

.5^1 idUUlSj^ (1) 

.8 ajS/I Io^L-jJUjj- (2) 

.2 SjS/I : ^^SCxJl ij_y* (3) 

_ ObJ pLJlj RiUiJJ jj^S/I jb h_«jj ^^ iU^Nl . cjIj-j lj jji^l iu>«JI (4) 



• Jj^i 
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jjlt ft III <U<il't 


AJXill jj3 


100 


1 


39.8 


2 


10.85 


3 


6.31 


4 


2.51 


5 


1 


6 



(6) Jj^JI 

JUI iJbJl d\S \LjiJ> *j>J| 615 UK *it (6) JjJ>Jl ^ Jb-^Aj 

. . . UL>-I OLv jJ^L^ /»j>*J| SJzxj >^i>J . I ■/**$" OjlJuLa i JlP 



,•* 



(Jjj ojJLi (. «tJL*JI (_^jj«JiJl <LJLp (JJLlajj f»->«J ^xJa-uul (_£jj«JL!1 j-Sju 
*bJtJi J-/ai ^ j^u _ 1.46 jA t l-jL^oJI I JL* Jijj aUjS'i (^Jlll Jj JL>J| 

ix** 8.64 (Jlj^- li* '^*tij JUJLII LfiyoJ ^ji i^jSli Sj£3l jkL* ^-^>- 

.l^jLS" 2330000 *>i 



.49 S4NI : p-^xll s^jk- (1) 

. 1 VJM : ^1 Xj^ (2) 
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aA*& ^ <e-j}su^j *->dJl (jJjSoJ iiiJL>J ^1 iL»L-^l iJL*jJl ol 

*J>«l)l puL BjX9 (Jl_ji» aJLojoI oJLa >aX«jj aj,JL^,i| 'ya SJb»-lj 01 oj /V jScJ 

<u t_^ub_«JI j^jJI p-Ua2J| Jbu) j»j^J| IJIa iwJi /^ , v>-jjJUjJl ,j4~j 01 Jl 
A^-ji Jl jj^twji t(<uli) <>_£/> -jx ^1 J^l-ill (j-« ^jvoJLSXjt ,»j>*xJI 6! UIp 
lUIJJ (ily^Nl J***j ^ t0 JO&I ^ ^ <l>j£J pJLfil JU*lN ^Kj" 

J-vSL>*J 0j;j>-:i/1 ila-^Jl ^j t(l)jSCJLJlj 'j^^^SjVlj <l)j~Jlj tOjJ^^I 

^juV?J! <kS" jjl^u Ua^p IJu jL^jVI Ijl-jj ojL^I Jl (■p.)^ J^I^Jl 

: Jl. L. liJJ^J a ^*Jl lbs" -^ (1.5 - 1.2) Jt_p- 

J>-loJl Jl (-u^biSI ^1) OjjxSCl^l i^^^j (Sji ij] sljJ) oljJl Aji: 

■^ JjJjJI Jt>l^- -j^j Jl>«Jl cJjJl J LI J.0../7.U SjjLw« i-4^o-J 61 UjLj 
dJJi ,>. ^iSf jl cJj5 OjjX^I 32 Jl J^a: dbS 1 01 ^-t- aii oL.Ij.aJI 

ai^J oijlll ^^Lxiilj [f-j-^aJl ip^x i_ jjUj ^*»J| IJLa i^j-^j t^LLs 
J^ali -U-^J ^JJI JoiyiJi Jjsj L$j|j|JU J l^LaiJ Jl (_pjj CjUj^xSONI 

cy 3 ^" <^ Jl i5*3s» u-^jC ^u£~- j£l ^ly> 4 x 10" Jl l^s- iili£ll 
SaUl Jl k-JiJl ^ (ijS'j^Jl *j>Jl Jj>xIj Ujbo . . lJLaJI Jl SiLJl 

o^UJJ ildjjl Jvx>xJ tiJjIjJl LjiiliS' jjl>=^J SiUJl oJlfc JaJwi^J AjjjJI 
^y^-jUJl _ r lill J^j>- Lf«J J» 4>-j-Jl aJU (J<iJ . h>-y> ttjuJ Lf^jj (JLp 

^b-y rv^JI J^^ (^j • Ujt>Ulj <u»^J U Jl Jj>«zJ JuJbJl (_5jj j^xxi 
. . iJL jjjiJl ip-Ul ,y rtj>«Jl (^j^j liSU . (ivs-UJl ^^-i^) Jj^-Sll L-^iJl 
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. (2) ^OjJL50l ^Jl %)> (1) ^C' *k py^\ \ty$ 

:ol>*JI 

^ (_$_/>-\ <L»-»*j cjIj>c^JI <Lo-~ o jJLp LijAikj lLIUJI f-Ulp (j^-j 61 

JL)_Ls-kj1_j i1)jj j>J|j ?j~?jj^\j «C5buJI •j^jjwL^ji Cj'jSj ajJL^JI CjIjSj 
AJL^jJl 6j^vjj tAJjL* aJLj^S'j ^avJ=>LJoi CjNL>*>s LjJLo J-/aij tojjpj 
tSjp-j (j^U- /"-v^j H^ lP^J i4*5j-*aJI (js^^^ Osd^- 4 t -7* >,u ^' °^- & Qii 

*Ji*Jl ^yjSCll Jsu^rJl lift ^ ^M (Jl 0l£. ,y aJUxM ol5"y o1_^<Jl 
pU-JIj^ lej-*- il^J J^JiJl IJL* ^Jlp a--jjxJI ^ ^^j^^dij "^jScJl *JlJJl 

jl 6j>53l iJuJ OjjUj l5 j »-^ 6j>"^ i^I ^-^~J Aij>i>Jl A^SCIiJl oU-jjkJl 

.8 tSlI IoM-jJI Sjj^ (1) 
.2 SjSII '.ji£d\ ijj^ (2) 

,10] SjNI I (jjjj J_J— (3) 

.47 XjSII IcjUjIJDI l Jr * (4) 
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j£Jd\j iJUoJl ^ i5>-Vl a-SOlLJ! pJl^Jl ,y ^k p*JI ^U 61 

j»li Jii ij~53l 5iyw> ^ Lii-i Oij UIS* t-JUpf L*\j* ^ cJlPjl UL& 

Cr* J1^\ ^O ^*J A^^Ji *j* jjilxll J_p- AjUjui CjLuIji SJbo diliJl *U1p 

•j^ OjJjJI *UUJ| *^ja /»J>cX**il Jl) . <_jL^1 SJjJ LiU- cjL4jLcJI 
ci^s- Radio Telescopes *ijj^\ jJiLjl IfU . . ,_y3yJl lif! ^JJluJl 

Very jLkJL. dUiS" t/ ^ Oij ,^1*31 Oytll y j^Sfl g^l ^ cu^w 
. 1980 ftp SJ^cxJl oLVjJl <J <Uw* jp Jlij . Large Array V-L-A 
{*-*-*=> ^J ^» 213 ^1 ■>>■ U^ 4 J^ ^JJ Uicv? LlIjA {jijL*j I*?* JU^j 

J\ J-^i il^iS/| J| cjj^ Of ^k^ pJJ! jl f^UklL ^ j^b y 'k, 
t-i-tS' J*Hl ^ ^ij c5jjU-JI j»ljSfSll (jUol ^ jjJuj yjJl CjLIjL; 

.75 Vi\ :WI^]| »j^ (1) 

.12LSII iJ^ISj^ (2) 

.54^1 :cJI^I5j^ (3) 
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J<-iJI ib-"*! . ^^1 ^ J| j^JI ^ j . fcUl cjji ^lk) ^L*. ^Hu ( 7 ) JSLi 



. 1983 *i- ,,^V'_ J biiJl (0 
1985 iJlill <«JaJl . DLJ JLxSL* .Sj^jJI JL*JUI ip^j+Jl (2) 
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JaSLtfj (cLlii ^j Cu^lj jji**jAJlj ^jUJlj ^Udllj JbJbJl) 

L^^ iH«£ fl >J jLi ,y Jil^i If! Is c^jVl Jl <^" 01 JJ L^l^j 
•1» J^LL.U ^J| ^^Ij ^% .^^i^aj ^ ^^ jU ^ j^ 

obi c> -^ Vj^I ^Ij oljUJI Jj> f L^Sf| ,1a ^^Ij 

<y c*a^j di 6j5C" 61 LI t,>jSll J\ *>& Uj^. L^JiJl Ju 61 
6ljjP r lkJ £^j c^il^ JaJL^ jt (^^l 1^1 61) J^JI „UAJ| 

. 35^1 i^^l ojj^ (i) 
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LS_/Jl SSlkll Jlp L^Ij^-Nj ^jS/1 ■>?■ Jl L^Jj^j -^j '^1 "^ 

AitSj jJl^j >>^ ,>j^l J 1 Cf^ "^ J 5 ^ <-^ ^^^ Ji^i ^-> 
ULjJbry frU-JI U-~J tilj)> (vi^S3l Ol/JI dUi Jl jjwijj ^lii Jjw 
0^1 yA j ^ cH^ ^^ l^ A*a d Ulj tfij taxi L->>- od« 

^jJl cJia ^ J^j oU5 iJL* Ol Up . (3) ^»-JW- JS - ^ O-^.J 

y> Vty Ui^l 4$ I dl!i J\ j~X Ujjj t IfkJL. J\ j^ j\ l^ V^" 

. (4) 4l-JU ylfi *»wli iikiJl eiL>- 

jl ^SIjS UjUpI yH*ij cJuU-. SllSLil i^t* JjjL-JI fljsr^l a" 



.9-8 *jSlt :^ hjr 1 (') 

.5i.Sll idlUlSj^-. (2) 

.8 Vi\ '.cjUUJI 5jj-- (3) 

.10 VJI loULvaJl Sj_^ (4) 



52 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



NH U^SfljCH JU^uJl Ofe-Jl jS» oljUJl JLp 1^j& J i$j^j 

<y> U-S" j»^ip Jai-J jl ^fijiS *-%> i~LJ* LiJ O' <j^jVlj eU-Jl ^ 
iSy^i t jiw. Lxlj t-uJUJLJ Dlj ^ TVs** *V* J^ *$ ^^ c^ <3' *U*J1 
<^p 1j*^> JjoJI JSCi i^L ^JUI ^^1 l^j L^j js\ J\ l\j J* 

ol^ Jl Jvx? oXm oliLv. Jl JjUI IJla j^jj ^Jljji jsCto JjJJI 
u^L>«- \jijh UaSU fU-Jl -y. U^S" \jjt •Jijfy . cj\ji*jLS3\ ^ ^^LJl 

^UJlj 1531 fl*Jl yi ^JJ Oi 015" «ul c«j!j 1682 ^U JU oj^jT 



1607 



•u'jji JycuJj 1986 f U cJlS - L^i ^ 5^ yC\ d\ L-tjywj (3) « 

Jai\ . . bbjZJl JL>*. V OUUI ^ JbJbJl llllAj (4) «i^ 75 J\y~ 

. JU i_Jl«8 JSCJI 



.9<jSll :L-5jj- (1) 

.44iVl :j>Jl!jj>- (2) 

■ °Jjri - f J^h ^^ j^Vl > _ u^j i_~>u ib— Vt . tj\jjj yijSOl it^Jl (3) 

. J.LJI jXvoJl (4) 
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""cy" 1 cK cs^ *"' <^' p-*jt-* a ;'J (t-f*-*^ <-**!) -oil pLi jjj l^o U ^Ip 
O^V^ a^-> S^aUS J^) Jj^JIj J^l S^ftLJi ^iJ of JJ 

: Aj-L-Vl jjVifl ^^ ^.^ 01 v^-j ( . .til" 4^^ (£JUI v_^JU 

AJ^^II A^utJl Oli OUjJj^JI ^j t ^| Ha J^b L~, UJ iAJba 

.20^1 ISyUlSj^ (I) 

.13 XjS/I :opJI ijj^ (2) 
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dJiL- ^ SjJJI bj&i ObUm 1^53 <JUI Oj^Nl i^iJ AijL^- 
l«J >>~u Aaj^Jl >\jJ\ o* "^ £fX ^ li l» • Wrt* ^^ ^^ 
i^JUj £j*J £ij~* c*»S 1*1 :"^ui iLfcip (i^o U I^JJ 01 -^-^ 

V I>J JJblS *1 OjSS ZlyuS, AjrC* Ot JUj Lijl 01 Ja>-^3 y£-=-^ 

^^ 0*3 lib '^ <> ^ ^ *p_k>j~JI tijjJl «y oUUi 
ilyui ilji Ol J^> JaJUJl v>"j ^J** ^> L5* sxt i ■ ll ^ 1 <-r^ ^W 
aSIDI 01 ^JUi vr--> ^Ar* J*> s ^ *"**-> ^^ l "^^ ^^ •>" 
■LLJI ctf ~**W **J4^ ^ J> p y^ ^ i>cJj| </ "^^ 

W By^Ui ^ ^o>- i^ui u?^i c-^ 1 •>• fc? ■>* ^ -r^ lj 

V JL>J SJL13 ^ ol -> jdl C^ ^ jU ^^ ^ oUj -^ 1 ^ 1 

*yj| IJL* lJ/ Jl»j .Sj/JUI oUUiJlj ii^JI ^ ol>Jl S J* tJ^ 
JS 01 Jylll o 5 ^- Us»J (3Xlb-NI) j! i,/fc~Jl ^^3^ ^^! cy 
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l$Jb- ^J\ *LLJ| Jvaj (J 4KJL0 ^yoj ? -j-x^JL)! -^ ci^l L*j V^! •^^' 
Li^kj L*xp- -ul JjiJl *Jai~ji j>Jl (JLp dlli jJaii i-i^ l«l . (J;*^ J^-i>j 

^ly o jyt Jl ,/^.Nl jJUJI f IS ^ . 1708 r U Jjj ^Jj ^Ikj^Jl 

tjjji ~t>jft\ie> jj-ixJ ^Lj^SOl ij^ixJl <Lj|jJJ AJ>*J ^lji»-^ 1758 /»Lp 

^^IjLJI <CjL$J ^ ey k * Jt " t ^-~' U-2 e^-"- 4 VJJ "jP^ 9 (3^*^ f^ -*ApjJlj 

O jA WXj^-j LIJjc* L>-UX« «Jb :y> i_> JUL) (CjjpJI iau^Tjlj ( vJLx»l J 

j^p f-Lj^Sol i^Jj^jj hSs>y\ cj»v*JI jj>«-i«J ,_jJl *L_j^]| ij>-j ,_,!* Ji *i*j 
ix>«JLll aJlp cu*»>J ^JUl ^y-U^Jl 7-bjlJl ^1 JLJl ji>*«J' Jx^Jl 

. . AjUU SjJa^ 4Jj>«J* LjJl i| t *^Lj >,t i iS^Jd 

u_>L>»«JI f-^yi^j UU»j l»^>- JjJI j^i^i (^JJl y>^ D^uj^I ObNI 
^^ t»lS"j -d*>u -J cu ijjjj *i tut* ^^ -uil ol >" Jl^j (l)< ^Jl5iJl 



.12^1 IOp^Uj^ (1) 

57 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



<J -ill -jSCoj La j ^jlyaj'lJL i-j^JhJb aS^j L-* ilSo pLiu l y^ iij^uj pLJj 

pIj^JI cuLjj>- JtA^I Jl (J^>3j *Ij4^ fjc-*^ a ^-* ^^c>-l Jj-va>- Ob 

lp 4^>-jxJl cjLstJLII (H-ft-^j 01 tilli i*j ^-A><4 *j ciilSos-Nl Ha , » r <-**; 

j) iwJl Ja^j (J «ULJI oL>cJiJI jt^>to UJ^jO A-vjiJI y (_gjijiJl p-_^=>iJl 

\JuA (jS'i LJ) i9Lv=>| 4ju*>*X/> ^L>-jajI oL>cJtJl d)j>3 OLs-NI ,_ya*-J 

j\ ^UtvJl 'j-j jjSJldl jLj^SOl Aj^ixJl ^ub»o LXPj .(Uajl 4-oJJl 

«^j>^ kjytj sju- ji >jp l!u>^ £va*j ou t^j'yij ^Ul*ji ^ 

•y» aL> y *\)>-\ (_jJl J-vOJ' lJu>- S^^wai o^xi j!>U- LflS" SjJfcUilJ C-ily^jJl 

cjLpxJLII jLd Ajji^l V-*^ ill* k^^' Sjl^pJl JjuL LiJj ^JJl ojytJi 
dUi lIjJi**^ laiOhj i-Wiij (_ydj& *j U-i <_pl>«-dl *\j$\ .j-U-Sj t -^ 5 ~ 

ajj^aj Avaj (j^Jl 01 Lie . *-^Nl IJL& <ulp jllaj |JL>- aJLp l£y*> \s~\y\ 
Juu aJs^-'jAj (_5 JL5i (jiPjJl) Oj-saII 4P^ jy j-Sl *j*i!l *p^ 0M ^-1 
Jlp JUs*j" o>Ui]l oJla ^ iijLSJ ^Jl pJJl 01 dilJlS' . OljJ &$& J\y- 
c-»J ajjSx l*rjs &mJ J\ lSj^\ U^j^r J J^" </^ Vj 1 ^- ^.P 

Sy>Uill aJU» ^Jjj Ji ( •^JKil^i 4j_/>> cs* ^J-^i ^) SjjJaiJl y 01 

Jlp xv> jj" JpIjvJI oiA t-^-MJj liiliJ . ctil3> -jp i>JbJl SjjS'UI SjlyJl 
«^»jj JJu^ V^vai ijtj JpIjv^I ^L« (_y>-^ ^ iJUJi JL<JI C.-^' 

.43 i.^! \jjS\ ijj~» (1) 
, 7 ajSII : LUJI Sjj^. (2) 
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^p ojUJ| oL>^J| v ^l J j,}i\ Jl diL^ ^jij iUl JUl 
. (9 JS^JI) Sj^JJl y,&]| -^ i,U| cHJJL ^^3 ^jMl Jl dlLJl 

?LUJl oULkll J OJb>*j liU 

i>" U^'^jj^l jy*- 1 ' *l5 L* oljJJl ^jpi sytxuJl jUJl ob y- tj^JI 

4-2JaJl ^j . , j Ji^j}jj S J\ ^L L\9yJ hy>- 4iJa diiJL 0j5^3 oIjIjuJI 

kji^J* 1 ol>.jJl Ji^j" L^J. y>j oA/^ -K^"j LsL_ r ^5' aJL^jJI 
^-ivJI ti^^U ( j5^<>jj .^jjIj v_*»e*Jl -j^j tijJa^j US' _^-^jjjj^Ij 

Ji*j (^JJI *1j^J I diSCio I.JJLC. ^yXdJaXjl y> W jy\j 01 <iSU CjLilyj 

til Jl (_j_y IjLp-I . a-SIj^S ^'j^ <u -r :; J-^j- J^ J-^V ^j-4^ ^ jl* 

US' jtJax^ JSCij djy^j N t^j^l Jl ^jvjj ti^l jj4& 01 
HpUoJI d)l d~>- . . y^ Jvy J JbySOl jUJl jjy. jip djwbxj 
L>-Ul «y OIS 61 iiip^> IjL'l tl)0>cj"j UJjvsj <y>- ^^ JS u^./u 

SA>ciJi olVJI <Ji . dllS jjPj 4~JJ| JL>-bJl -y jl AjiUaliNl 
oJp ti^JI JxijJ <Ui«J djA* 20 jptJ (j^j^l ^j^aj l»Ju>-jJ L£jy>^\ 
CjISCLu^JLj •yJjJ.Jl (^iVlj jjjA\ (>Jjj /»U JS yUxJ.Vl y> obi 
jUJl ^Lk2Jl Jl iiUil .cjLUJI J a^L^uJi jSly-Ji y. jj^Jl J^j 
oLS^J) v_ilSlj o-cxj o Jp^jI ^i^ljjJJ ^yd jJl jkUJl J jb^SCll 
<u>Jj (^ HI jj^}\ J* Sj^Ip . Uj^ yy ,p jUu Jl j^,; -JU, *lj_^S3l 
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4jLT ^j)* t (2) 4o jr»^i ^ ^ ^' V 1 ^ 1 ^^ p*"^ c5^l 

i iijjjjj 5jNj i>c«U- jy Direction - Finding Antennas oUrj'bh u-iiS - 
^c\y& lJjO CjLSIj^JI oJL* |»^J5j <^-f>«J lA-S'jj* jI SJjHtUJI Ob JjJI 

jUil J"!&>- ^y» CjU^LcJIj oL-Lill JLvj^j CjUaj»tJ( fjjijj . . . liJl 

l^j^U- d>-jj <i^~ Ujjjjl AjN jJJ bj~£j? (^ (t-^xj jS'y) ^1 a^Iv 
■y^aJLifcL^* (i^Jl 7--^ Ij^UJ tdili jlji> ^jJlP iwJjl>*lM ^ Xbu f-LjjJl 

«j* JsLjjNI AjL*v=» Cj\jjj&\ ^ije> ^ Uili» rj^ J^*~i (j^-> - 1 " oUuL 



.441.VI : oLjl iJl ojj- (1) 

. 17 ajVI :«JbHuJl ojj— (2) 

.24 1$ I :^J\"»j^> (3) 
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obis' J^jJ jjjjJ! f.\j^i\ «y sU tA5^L« j>Jl ^ ^^3-jJl jUJl olij_)>- 

jjL |J^J _^^j S^L. ^jVl jytJaJl jjioJl J^j Ol Jbuj . aJLoj* 
«bw=u "j-o ^jljLj J*J-J (jJl SijjJl iApLstf JlX>«X3 . rtjvijl xJaUl SijjJl 

•^ ibU JLdy Ujlwj ^T 300000 Jl JwaJ Ji ol^'Nl -y ,JNT 
I»>JI ^lo^u-l *LLJI JjUo dill] . JLpVl ^ ajJlp^JI ^>^JIj ^j^l 
^ AjcviNl oljjJ pjj -^ tLx&Jl aJU JpIj^s> c-iUjUS ajjjJJI 

ijljb ilJj^l ^^Lp Ls_yi l*j-^ >W*j jjJ /»l^>«i«i| «jf>- jI tj^Jl ^ pVja 

'^* Cf^ '^"H ^^ o^^^J' °^ , >i' JiCixi aJjuaaJ! t ^>*«5jSn 

jJ^xJ AjL? AJUs. J^xJ ^^/Jl Oj^aJl £»j>- CjL)jIj3 d)N i_JjL*Ml 

^J jjJJl ,y £>Jl IJU *UJUJ| j^kjj . iJUl oUjjNI ,y cjUj^^I 
Lf . t^^Jl {ja i}jj\ i±jIjl>-N aJUp aL^j ajL^JI ^ f-jJl IJLa ^y^ 



.33 «u a I : ^iu-^I Sjj*" (1) 
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1997 Jj^I ..Scientific American U>«^ IjJLvoJI (1) 
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v_^J| Jlp UJl^JI o'L_^JI ob^iJl #SS <V ^.J* '*** ^ u < 1 1 > jS^i. 
IJU j^u ^ JUS fl> y> *\j^\ cAt&» ifcUilj 4*llj v*^ 1 • ;il ^ , 3^J '" s >** 11 
U^ o^l v 1 * 1 ./ ^ U * JI <>* «^^ LJI ^ ^ ^-^ ^^^ (**** ^' 

. UojJ ii»-iJI i^r^ lilauJ I 
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^ 




JUrJl_4 

diiiii_7 
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Ail 

Luj JUyUl M\ ol^lp J ^\ oT^Jl j J>}i\ o/i JL2J 
L.^ oaJj> JU: 4l «u^ ^JUI 6U^I sL» JL^jJ JL^t ,y l«J U 

^jH\ ^ j~ ^Ul y^ c^ f U^J l^j ^%> c< 3 >^>- 



.70^5/1 :»l J -.>li JJ -. (l) 

. 55 iVl : «d> Sj^ (2) 

.25 Vi/I IvJIy^VlSj^- (3) 

. 10 Vill : 1 >> V JI Sj^ (4) 

. 15 i.S/1 -.SUllj^ (5) 
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<y 0j5i o^- j-lJl pLJUVl dUi L^J oj^ ^| ^^Sfi iJU^Jl 

.SjUJL J^u If* f.y>- JS 1 c P-ljj>-t a^^ 4^j>J! 

A-LpJl J^^LJI -jjjSJ Jl oil ol^Ju" cJjl»j 4 JUJI cJ^Jl J, 
Mj ^'jj U^ Mb l^x. ^j^Ij^ • . La>j jWjSIj c^jU^lj 

,-sxj Sl^-j IjL^b ^ j^j ai ^^ ^i ^ ^^ 

U-ljjt * \isrj*b £U *UJl <y J_jib SU- l*i ^ dUL, Ijl^ ^^l 
Ifl J-j bWil l*J>U J^, bi^j ^| J^ ^ t (^ JLi ^ ^ 

c ( %^lu * ^! Ji 4i ^ 4> l^u ^i ^ j^ ^ 

,19 Vj\ :>>oJI Sjj- (1) 

.7^1 iJSj^ (2) 

. 1 5 <>y\ : J*J| 2j _^, (3) 

.8 h^\ :<jy&\ i jyj , (4) 

.53 VJM :Ap i jy * (5) 

,6i vyi ij^ji .j^ (6) 

.48i;Sll : oLJJLII Sj^ (7) 
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: J 1 J^ 1 cs^ uf* ^UJ» SJj> ^kJl JLj . JS 6400 
• (^ 32 ^ J^ Jl ^ J**!J cJiJl 5^1.1 
• (^ 2900 JLp- J 1 U ^ J-^ »i*j tiikjl UJaJL 2 

.(OS" 3500 ^L^ 
S^iJjJl ^_J| ^kJlj t^Ji oL5l53l ^j^l ^L- Jj> Jl^ 
^ ci>-l Jl ^J»^ ^ v_ibJ<; jLidlj cjjjl Jlp aJLLS <<J ii*JiJ| 

• 0) <^ ^ £ J* *\ JjJ\ ^ UL>i ^JUI d\ c^jj oj»l 



.39 4jS|1 :cJUai Sj^ (1) 

■ 7 ijS/l ;oij^ (2) 
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i^gs^j gjj J* <y ^b ^JJ ^O** 1 ^ UJI W^ ^^ liP s - uU 

^^ ^u ^j^>j nii .ujij W >j^» r^ cK g^i *t> 

jbcS a^jj^ oljJcJl »JLa c^JlS" Ujjj JJci\ Usb Oil ^jSlI d\ 

J^> OUMI I4J JL« ^11- w 1 ' ^^ ^^ ^^ ^^ ^ U 
^ SjLp oAa JjMjll j cdJJi >j o^l^ilj JjM.pl c^jMl ^J^ 
U D^xJ Sikjl XiJaJl ^» ^t ^jMl S^iJLi uiJ-^>^ iLJ^x* oIjIjxaI 
J| i^J oU_^UJl ,y JU[JL*JI jJJb fjZ d~>- . . iJljl^l ^Mli V^ 

tjJLw ilj»j Jj*+0 ^ »j^) cjI^^-^JI ,y V^ -W»xi ^jNl ^Ja-* 

iL.j ^ 149597906 UjlJLL. SiL~* ^-^Ji y o*->^ V^ Jj V- 
>r K 10 27 x 5.976 l«xk* £Sj pi* 12713.6 Jlj^ ^I^Nl U>S 
jiUi 9j cjIpL- 6j "L.jj 365 3^ *L.^" Sjji ^-,-iJl J ■>>- j^jSlI jj^j 
^ JUJI yi U5 J>-1^j viJLSJLS- ^jMl >fj 1 iJli /^ 30 l*^ jjXj 

.7 jjSli tti^iij^- (i) 

.53 SjNI :*ioijf (2) 
.5 <$! igJlSj^- (3) 
.64^1 :>Le Sjj- (4) 
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^vai^l Uj>- J ipL. /^ 109030 Uxp^. tij&S Ljj ^ 939885500 

107240 *Juj Ja-j Jju*j J-iS/l Uj^>- ^ ipL-/JL5" 105450 j 

• (1) fji J* t> (^ 2566253.2 iiU* ^Ja&y IpU /^JLS" 

L^JjJj \S^~\ (j*«->*JI 0j5vj tlwhu t jjSuLJI jlSwJu j^j )il jj^jj 

Ijj^vO-iJI UJ>- 0j» l)\jjjj\ ^ l J>J^i\ l~Sj£ 4ijil**J (_$jj\ l -^*jJl |<«-»JJ 

23 _y* jjy^j jI cjjj ■ L*jj *Ua*J bij (jjAi^xa ^uJu uj>- ^jj^ W • ix**Jlj 
jl^xJl cLjJL>tj t^^^oJtJl /»U| L y>ji\ a>-j Dj5vj Ujipj ^V^ 56j apL- 

*U*> (3) ^j>^. r ^i ^ ^ ^ 51 ji^i jjui ^ ^i ^jj 

_^p aj^cJIj jj-^JLL! Jj^UaJl <S"^>J| ^y i_~*Jl y» L^wiJ J_p- (h^j jI 
t^JUl y> d%J\ 11a t^°23.5 jlJii^j ^jSlI j|ju jp Jj^j ^j^Jl 

.jLfJlj JJJI j-^aij JjJaj j^5o-^jj -UujjI (JjvaiJl t-j-^-j 



• °J^i - <^^ - V*{J V^ it-'SlI ' •jlj-'Tj (J^l iajP^Jl (1) 

.6 IjSlI '.^y/tjj* (2) 

.3^1 I^ISj^ (3) 
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41.15 s^lb J^" N ^->o ^r^Jl J_>=- £j>^ o^j^l ^1 ^-^j 

L.I .^S bjA* 147 J\y- *luJI ^j jvK Oj^ 152 ^ cJwJl ^ii 

^^ U^Jj ^^wil ^jai «-j^ «j>5 (j-Sljo u^jj^ lt 1 *^' V^ 
01 J\ . l^L^u x ^ij^l JlbS = I4L0J0J X ^^.iJl &S b\ J\ . j\MJ\ 
. Obik^ (Irt^^H <l)Sl *ix53l £* L~£p v^^i Jr?**^ 
Lr ^JL)l Oli ^^iJl dy- jjwb" Lu^ ^jSlI ol : *^M OjilSj 
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. ^Sii l^i^i dUJ^j ,ua)i j\ Lr ^\ iii^ji ^ jikx^ ^j^i 

J»!jp ^^ o^jid L^bj^ ^Ui>J ,y <J^J J5 ^ ,yjSll 61 

(_£l t&jLX* j>L«3-lj iJjLjj i~*4-A (y "ojaS^^> i_jivai O^U- (Jl ioiUJl 
,_jip oj^Ap L*j^P ^LaiJlj »j>*J|j i^5lj£]| ^ f-jlll I JLa {j> oUaiLu 

. X_ i**llj MjajJI c*>oj JL>«*wiiJl (jji t L!j5Gl inJiVl <JI L^vsjJ 

uf" J**. u^'j 1 ^' l*^ j^p ^yail; Lf Ja&\ \j»Jh3 b\j i *j~Jaill ^ <W>j 

IJ^tii tj^.26.6 



.41 i^l :j*J\ i Jy * (l) 
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J^u JSLio ( _^J! ^.k...,:l ti^-Nl c^bJl&lj OLjN! ^ ^^ad JbJ Al 
cjyy>>! fUJI LfJ-p ^^' 'H* <UJil>. (j/'jSlI ^jJ dJUi ajU yjf ^-"j 
j^jSflj^ * (1 Mji^ V* J* i> *JI c/J^ 1 c/^ U ^ cS^ 1 ^ ^->J 

^JUI j>Jl p-IjA y> L«*j ^Ul -^50 4 JLS" 800 (Jl Jvoj" oL** Jl lp*k-* 
^j^Ij -k^Jl jliJl 5! U5 ^j^l ^xu* i5ji jj^ 16 ^UjjI Jl Ji*j 



.39 5j»I teJuoiojj^. (1) 
.7 iSlI cJSjj^ (2) 
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«J^J ^j^kJiJl «la^u ^J\ ,jj jd\ JpUdl IJla {y> i^JUJl Sjl^xJl xiJLus 

•jSUj iJy ^ i**il ^j teL^^Jl O^J 4juiVb If! ^jlyJl f-U-i^l 
**-»*l i_s*J 4->*~»axJI (J ai <U«Ju j! L^>Ja*jj Sja ^^oJiJl (jliaj oUJLS' . Ijjj! •>- 

dJJiSj . LajlsIjJ L^u JS3j jv^j Sll ?tJxuj (Jl iLU oLi l^i* J-^aJ 

jjtjJaJI •pjSol J^ij Ujlj-»X^ N A^ujUaJI t_ijyaJl j^jXj *J (1)1 LAjUiw 

. .JUu^bl JJ y Jbtjl 

l$jjj\j ojl^>JI {ja ,jj>ji\ AjUjs- u$j>tj\ lJ^AjoI Jtflji y (1)1 
JaiUej diJiS" (Ui US') ^-^JiJl {ja Holill SjUaJl CjLpUJiNl ^j 

jjSUI (5j>Jl i_s!>UJl ^j .LftjJij OjjjS^I JU-Sjl ,_jJijj OjpjVlj 

(ij>-Sll i~^lj53l y OjJ^a]\ ollaSLjuJlj jUJl -y aJl5U oLoi' 
Ajjj SjJL ^yijill itlaj-u ^S- yjjj (_£j?d| k_i^\jj| *lj-* £j=?JJ L* j^J 
d>-lj (_$JJI (_£j>JI ,la»,./l,llj <Ua^J U UiSX* »Ja.>J I i»-L*« _Lp pjj^J 
JaJwaJlj frlj-gJl aXSJ Sj^uXJ ^jMl ?rJa^i ■jP IjJljCjI Ui5 ^yaSLlJlj 

^j^l tcJsu- f-UJjl JJ i~J j>-\ ^J\ (IjLSCo -y i„<tk>*j IJla (^_y>Jl 

jJaLjl Jji _£_£> (^JJl ^ykiicUJl iikvaJl jJsb. Jl JUl iaA-^aJl jiaL* 

. .OjUJl 

jJhj clj^Jl Ijj Jai^Aj ^1 Sjill y, j5j>J| iaJwaJl 01 JjiJ 6il 
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J5 ^Js- JaJwaj iSj>^\ *-\j^\ 0\ C~j Aiij ^j^l «Ja-i ,Js- AJjj 
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(Wiapjijjjjjii 



(j^jNl 61 JJ qA \jjji\ US' LjljJl JaUj i/l ^ i_ij_ jr «uj| y» 01 

Zj^S ibS culls' Uil JUkpl Jjj t Si^i Oj^U ljYI ajoj! y ^iSi Jc^> cJ_y>o 
^LS >oui)L s^jSOl ilxSol oJl* cj\y>tj a^ji OjJL* • *&< ,LSj «UvjUI , y> 
tU>i| ^ oljli «^i Oojipj iajjjt*JI oljUJl UJ cJjSCjj ^^S *-«jf 

ojLill ^y*-^ lAs>-\j SjU OIvXxj •j^Jul i—J_^>Jlj JU-JtJl jj ■j^..,la,dl| 
jU*Jl UUj j-iaJtjj lJj^^jcJI jSCiJL 'Ujj^ oljUJl oJLAj . iJaill 

cJl SalfAJIj u-JJ! jJIp ,>jSllj ^Ij^J! ^tli j^jUI Jj)> . cuUx^Jlj 

^b y oUJI ^^Jifj c JL>J| (^jjScJ eu>Jl Ji\ ( y> J *xi j+i*~<J\ jj-i-Jlj 
^jSlI ^k^ ^^.j clUJS J| Uj jLjj^l 0"_^" SiJUS, L_JUt ^j^l 
^\j g iijUJlj *CUj iii Uu sjbJLp J-ljJ SjjSJUJl ol^Jdl Jl 



.46^1 ry.^1 2^ (1) 
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^ Uib^J oUJa -y (j^-jSlI ^>\j Oj>&jj •(j^jS'l ^k»- -jP ~S 6400 

OljLaJl Ifci i_jiJuj j£\ lj±2i\ ^ywwJ ij^-jUJl SJLkJU l^jLis^J L^Jljj^i 

i (JiS* 32 J\ pl£ 5 {ja j.ijSlI o^Jii .iJLw ^iuj . . Ifclc- JLJI olj^aj 

OjSvj OUiLpiwJI C->«si i<*3j^» i_~~>- ^-iL^j yrb.Jl IJLa <J1w (1)1 UAp 

rt-;.^2J *jSI«jj . .IjSaj jiSl *x*^u &j£^ ulj>J'l o>o 14 tAJ^S <Ss^*X 

jiSl jj>*+p !j* c_alujj t _ 5 LLjl *j>J|j t iLii JiliSo jj>w ^ i_ilujj 

dj&j JS 2900 jjlj>- L^SU— Aioj JiJUuJl JJLkit (Jdj Syull Jbu u 
SjJLill ^ U^r*^ cj^' jj>waJl (y iiliS" JS\ iikuJl «JLa ^ ^j jI 
SjjJIj iJSCJLxJl JLp iJLU LjJ 6j5j dUJU i*^ ^iSt IfbL bj&j 

J^yJl oU*jL (_£j»M iiJa L*Jjo ^li *j qPJ Jfl ^ * J>*Jl IJLa AjjaJ (_^Lp 
■j^ i—illX* /J^Ux * - J s T" *J •* 2 ^HJ !— JUaJI (JJU^JI * >«JI _jAj i_JJI 4JLi» <e*J 
jjlj^ OJI ISJs> viJU-w ; aLjj , UAj-Pj JiCJlj JuJbJlS" OiljtJl ,j£*J 

. (US' 3500 

«^»j 0^ ^j^ e^yS* yiSl! in^Js ^ ,y> J5wJl ,JLp -kU>Jl iJS" 61 
*b>-jA aJ.;.Z;.»v4 ^ybj 4 (jr«*Jl (>• * 9*^1 5Jlp ^p aJ| cJu^j J^' j^jjI 
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<J^b tA^' , -* s r> f Md)* aIm.I^.JI cjIjI jiaVI a^ UUJt iaJJl ^ 
iJljJj j I i^x^. ^-ij^t ^ oljljifcN! oJl* Ji«j as(_js>-T ^jjj jjI^j 

^ Ol *UJI -^ tLtf jkiJU Jai~i j] ^j^l ^ O-^J Lu 3I c>j^lj 

■>& 01 i y^J\ ,y LijJi^ ^1 i^jSlI 0IJ4JI jl JjN^I 6JL* 0l Ijfjj 

01 j . . ^^Ul ij> cJlS" US' wLxJl JJ>u~Jl ^J UcA oIja ilijJbJ IL^i 
C J ~±^\ J dja>J oUyw ^1 ^ U JjNjllj Vj^i ^i>Ji ••!* 

flU-^Jl iwij'SlI «5UsaJ| 6^ «j-ldl lift ^Jwb^j ^JjjSjUI (VJLvJj^l 

cjIj^J^JI jiJiij u^*^' W-**^ «lii>«^j t^ij-tf JSCij ci»-jj" iJj^cJb 

'^ij'i u^J j" 2^ J^w* (_^l VrjJ Js^l J>l JJ«JI lij>^J silpj ,-^Jaj 

jLv53l tij^y U <iku ^jj sL>*ij t^-bJl IwJlp! L^j yJ^ ^ iiv>>o 4Jil* 
lw?U- ^As- J-^j jt jj| yjU- pX ei~*u J f^il)> J^^xfr f^UaJ 



.14^1 iJi^JlSjj- (I) 

.45 iiSlI :J>dl ;j_^ (2) 

.9 i$l :L.s J>u , (3) 

, 68 *iSfl : »|^| Jj_^ (4) 

. 12 SjNI iJjlkHSj^-, (5> 



79 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„l.' 1 1. 1 l .l .lll .'.l., i|. '. II l.l.Tl 



JMbr 













-L-Sl oULkl! Ji^^-j ij^jSfl >U W> UkU JU4 t,^jl p-j ( 12 ) J£i 
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ci^T tiyL *&&a J d\S 01 J^\ jUjJI j^Sj J\S y% j[>Ju\ jljjJ j\ 
OiUjI [All {jS> SjLp A-JLS'jJI rtJ>jJt aJlAj tijlS'jJ U^>- j^yk—j ibU 

j\ ljj£x<d\ dxaUJl »-l_j^-u aSLjLi LI cJlS - Sybx« jj?^tf -j^j Ejg/7-jJl 
^U jUo *y ^>«j U ^1 iiUil L$I>J -y, " jh Ij^axJ] 0:>UJl c**iJUl 

<^* <y fz*"y OLUJij &_p*Ji <>-jj ^i «5i ^1 aift oji^ Jvjj! o^j 

V 1 ^ l> us^U*' <^J • W ijJ*3 .,/> 1^ j*^l f& »-i-Ai 01 *UJ! 
a- ^1 <y &u ^o>- US JjNjJl l*J jl^jJ ^1 jkUJl <y DU-Vl 
iiUs-1 ^JJI 1883 pip 5>,j^ 0^ Ji, aJIjJjJI jtLJl <y ^I^Jl 

. (6) «l*)Uil^| 

US' t JUJI -jjjScj j»>Lj L$il ^ Jyj J|jJ| |JLa Jlc ljIj^JLI 

. 1997 4-J^L. jJUU SJlLi 1 1 12 a*u)| Scientific American ii^. (1) 

.4 iSl! iWl^lij^ (2) 

.4 4$ I : JULiJVl Sj^-. (3) 

.16 «$l :dlLJISj^ (4) 

. 1 V^l : *}^\ Ijy* (5) 

.2 JuS/l :il_jJ_)Jl Sjj^ (6) 
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s jijf J ^ <y^~ ^ ~>^ ^ J -^ ^ J -^ J1 ^--^ r* 1 " 3 ^ 

LJI Ji-I ^Ijil J*JI </ C 1 ^ 1 ^ ^ '^ Jl ^ ^'^ 
^-L^ ^y. J~v*t **** y ^ S -^ C*^ Vf-^ 1 j_p~aJ1 c^lyj 

l^J U o2tfj> c°Moii >> lij> cSj/Ul " V J=Jl ipCi 
^LJ 3i> ^ ^>il li*J c~*A^I *L> OJ>-lj .Ijj^l* 3)*i 

^ oI^uJl. w^ jlJiiw OJ~" ^ u^ 1 **p- l/^" ^ 1985 f U 
^J ^t fJ JjJ ■ ^ N ^ ►UAil ^ ^l^jl^l obi ^ OIC 

^JUI glill olj^L N j >U)I ol>3 JJ ^ v^J N ^1 Radio Signals 



.3 i/ih :JU^^ISj_^ (1) 
,4^1 : jUirtl 8j>- (2) 
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t^l <clij"jl jjl^i V U L^j L.NU4JI JL>- <i c~ , jil LuS" 4 ju 8800 
^j-^ ^ p-f jJi <JL>J! 01 Jjlll ^5Uj III . liJui ^J>j . . l^lo jj 

oloUalll -y. JjJjJI iIjjwUlS' tSyiiJl aJu C-*J L» CjLJUjP cifjJb- 

J^S/I Jl v>J*Jl iifUl £^l J\ cot ^1 AijjJl S^jSlI ^li^il 



.19j 18j 17oWl jiLlUJIij^ (1) 
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*£j>- j^jU *ij^J lio-f-dl oli^JaJl a\A £jA . dJJJJ Uj oLJiJlj jl&'Nl 

Jl 3iU»| ^j^ ty^ 1 _^>JI J-^" ^11 (*ijsM0 Vj^ 1 ^UvaJt 

CjLaJS' u Ua* ,\P <U~~*JI i_Jlj>o ill CjXAjtS-j *U>-UaJI C»l jJcjI vOb Aj jiai 
. . ^yvJ'jNl *jj_j^xll t_»^2>-|j t**Jo« «ula^> JtP AjultuJl jlixo Nl *yi SjjjS' 

JL>J| i j^ii- t Ju> cij^j ■r^^r' J^i J$> cHj^Lj ^LJu»Jl oJla JS" 

. L^oJU jl . . L4i5Ci.ll A^ij^Ul -UX^jJl ajJ)i\j IfpliJjIj 

S_^» Luiaxj rt-4^> r^ ,>*j The Geographic Cycle iUil^cjJl SjjjJl 01 
rj&] . il)t»j all ^ LAjji»J <jfj Jj j^» £iJ^ ■«* ^L^l J-^* a* S -Vr 
LfjX*« i/LiP SUio y» UJj JL»Jl J*ut>LJ iLysl^l sL>- ajj.s ^oj^Jl II* 

j>*1 ,_y>*jjJtJ jyJu" Jl l-^r l - J *r p <^j ^^1 jr^ (Jj^ £fJ -^^ 

/ 1 A 

fiij^Jl g$M Jjjii ^ Li 

,y i*»l>- J*ilt ^^u cJN ^dl olyVJl <y Aj^iiSl fti* 01 
*Jj>dl] i>^ Jvas- JLjJI JSCiJ 01 J^ ,J^Jj OyJl II* y cjLuxJI 
^JLvxII ^jUJI *}>Jl JUi^JLII (J>waJl ^UJl y hJ^> J^3 ^Ml 

^i^UJJ JZ-&J ili^Jl ^J^. £->■ (2) [i^j^l 8j£Jl y 'L~J ijUlj 

^ji^ji j^jl jte jA\ ^sLuit oI^lp jiL-ai 0^ ^111 ^>^i 

S^L. *uJ\ If^o -H ^J^i tUrf-UJl XijI^Jl ollJl -y- ^*Ul 



. 1 997 JjjjI t Scientific American IL>. (1) 
. JjUI 'jAaJI (2) 
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oLk^uJl ot o\y-\j JjNjJl Ji* qPj}\ 7ck- (JU-«j jAljii *la*J> ilUJb 
jl ^K 100 Jl A^U^. Jvsj Jl» jjZ JUl ^>^l1I O^UJl £>t UU JUJIj 

. oljUJl c^o" jSSi jl (OS" 200 j oLk^Jl o>o" Jit 

£-b_Jlj olj^jVl oLLp j»Uau ^ AiJiU «j|jP ijjf- j Jk oOjJI>- iiLs^l 

UK £LJIj cJI^Vl oLUpj 5J_^J1 ^tlivjJl i>L JyJl -^SUj 0~>*j 
J J^a>- US' [Feed backs <*>-!j saj y. ajJUu] oUU*j JL»j Uj cw»U 
^Ltfjl jLi . i^U 4^ OjjLi 50 jjp c~Jl i^j UNUfll JU- J£»j 

J ^^ Sil ij J' l5^ * ^ (>^ 8 J»J JL* "U-L. IjJu L^ 4..^|,1| 

«/» oI^>jNI sj^ ^ s^ saLj cJjb-t iij^V! 4-*-.jJl £.LJI sJ-i 

<i^> jW^I ,y v-W J*- 5 5 ^J J' cpt l^j L.VU4JI JVr 
JL>- ^Liijl Jl oil ^LJ I zxi,j . 13 ^ Juj^ I;-? iaL j i^U-Jlj 
J 4J.LS cwbjl ^JJl til^'bll Jl syuUI d}\ji il^u-| ^ LNU4JI 

. iikuJl 

JijJl SyUi, SUL^JI Sy>UiJl b\ L>Jj~Jl *U1p /i dUJLS - 
JS^ Jl dJJiS" ^>" tf ^I^JI <__, iJUUJi ol^^^uJlj Sjl^ 
cu^J ^J| Mid. Ocean Ridges olk^l Jt^j ijs> . jjUS Jl*, , JL^J| 
JUS Jx^l c^j sJi^Jl syull J5^l ol^yiuJl oIa -^^^ ^ 

^jSlI ui>-y fJJ > ^UJ| Ja^Jl ^ ^jl^JIj ^J^| t> J ac>fc J| 

J»-J **>■ J> £Lo ^] . (1) ^$L4, LiS" JUJI cJISj JUJIj 
Oji ^ 4000 Jl ^j ^jLS 15000 ^ jS\ a j^j J^S/l j^, 
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. (1) [.L^Jl V^jSl UjSUJl Si^Jl ~*JJ^ ^J^ 1 

cSystem Oriented Vien iJj>Jl ^ ^^uJl fM lr*^ ^ U l J ^ ! 

>,**) G iaJi J>M cH ^.A^ 1 -^ ^L* ^ v^M 
^ U> ^ jJi C M ^ JV-stJi fJ as] vv ^AajW'j 

^j4 ^AJI r Ml i^ **M cM ^>^ «> ^^ djiaA 

U1>jjj^ -^ ^ ^ ^J oUsJ1 ^ SiLj ^ 4JJ ^ 
Rain ) jlk.Sll J1S- && Cf W Jj>- Orography (JL*Jl V'>r> 

j^ ^ ^1 ^\yr > c*>^» J^ J 1 &M ^ ( Shadow 
Jjtf JUJ! jp vili^Ly^ (3) [ Lee ward ^J\ v-P 0* s ^ ^^ 

,1997 Jj^jI t Scientific American a!>^ (1) 

.9 lH\ l£>«Jl hy ( 2 ) 

.1997jjjjl ; Scientific American aL>» (3) 

. 107, 106, 105 i>y\ : a!=. »j^- (4) 

,5 Vi\ : WljJl ojj— (5) 

.6 Vi\ : Wl^l 3j>— (6) 

86 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



H^-iJ ij^-j <y> S^^Jl SyoLliJ! tiilj (^1 ilsostasy Vjljill Sy>U=» c*j|jiJl 
S^iill Ja-T ub-jj ^JJI £-LljJl -u^J U JLp |>j>cl Ojljp, JSCiu ^jNl 
OjSiu Oiw. <JlSj OjSoj t »JL« <Ji <uL j~<&j *i\iS JS\ l)j£jj i^J>J i )i\ 
S_ r lil| y Root ji^- jXio loi^* dUi 0)&j iL^jjIjjj o^Ail! fcb. ^ 

j^j iji^i i^j^. ^j yj ^i j^ ^ c^^uu %\j* 
• (4) i?J &0 cK ^ ^ ^ u pu fUJI ^ U ^l> ty* J^ »y ifci 

*^ M ' Cfji V.W (" >k" £^JI JLp -y iJbS" til^Nl Jljl jj ^iw>o 
Ulo^ ,>jMl> aJI>JI ib£ll ^ /80 ^J j^* 3>d JpVi ji ju>ji 

■j olji*^ sop ^ Li j-jl^ Jj^ jl^L £uji i^oUl 01 o_^l 



SmVp 



.7 V$ll :Lll Sjj^ (|) 

. 10 hy\ :cJLso» 5j_j^, (2) 

.61^1 :J^Jl5j^ (3) 

.lOioVl :0UiU 5jj^ (4) 

.7^1 :o!j>- (5) 
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. (2) <UL-jt JUJlj> (1) [S^ 100 JS o 



iji* 



<AM<< 



^Jl tijJjJl oUljaJl ,y jujuJI iy>.ji iiUl OLjuLx- JUJI J£»; 
. ^tuJl £»\ j$\ ij\ ximo U [fj>j t^-jljjijJl ^SI^Jl ,JI a.-^«j L. L^ia 
s i4^-^" »•** c->Ji«x«<l liilS" (.j^i Jji>- jjl yjj^.jSOl J^i juuj 

£^*"^ f^ <■" (J* ^j-"^**^ eI^UmJI cjLJ^p o»>«j l!^» t^j^l 
^ OlS" ^W^Jl i^j . (»ai^u~dl rij^M <^J\ p^pLJl ^ -UJuJl 

IJj. Wj-J Juij .(^^^l i^-jJjjjJt ±>jj£}\j i^LJl CjLiiJlj 'Mull 
JLp J^srf^JJ jtft JaJI iJu ^ J,tx)l J* *LJUJ1 Sdplw <y ^.UJl 

. . 4*AijA aJU>- tjjuj 

AjjJb>Jl oULkll JjaI Ob (>^l«) <JJUi ^j . ^-L*Jlj JU>J1 ^ SJGjdl 
il j UJd SjIj»JI Cj\s>-j> C-Jiji**j\ U-o"j Sjlj>Jl ot>-_p jwAiitXXJ w!„k II 

jjifc^aJl dl5CAj i^j-v S^Lj_^j r-jii!l oijfc *j>Lj JbJLj c^iSi AS^-io jlAj>JI 



. 1997 Jj^j! i Scientific American *b*u> (I) 
.32^1 :oLpjUl ojj^, (2) 
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jL-Jjl-^U ( yu>- J\ h>y)\ UL*SS\ oMpUJIj Jt^U^^I jj> <y> 
£LJI J-^-i fciJdl Sj>U» <>• ^Ui W ti-^ 1 ^^ t> ^JO^ 1 

Jlp Lj-jJjjjt 5Ui j»jl5 ^JJl j>* r-LJl jJJ ililS" Ljj Jj£ : V^' 
JbJLj ^yJl -t^Ja^J L^zil oljLUl ^Ijjil *>«^ Jl^jJl ,ytJ ap^ 

^-. J I ol^Nl JbJUj >JI J>* Jv^i r*jj>J\ oljLJI ^ j^ 

JUJI (^i! Jblju ^Uj-jI Jl t^il U. jt«jVl Jloj £tf ^ i^j 

J>fj> (2) <U- JUJI j~Sj} (1) f Jb-t ^ j^UJ jOi ^U^^j 
aJI ^ JT •>"! ^JUI Al £*» ^U~JI > >" ^j SJuLf l4 rM " JUJI 



: a J^lj^ ^^-^ JL>JI Jj-£» J^ly J-*^ J' ^r 3 ***^ (Jr"" ^*"* 
Salj ^1 ^ijj ^ill *tS\ld\ vj^" £* ^ J J5^il ^>-y : *j^ 

ip^w. oMa** JjUi^j Ct>~>~ . LJIjPjjjiajl ij*v i»_~-~jj SjJLaJI tiL*-^ 

. ol^JNl ip^- oVjl*. ^LL"jNl 

(1) iXi i> J5l~w» <iJl>- ,~*j Ja-x il«JI aJLoI^JI f-Lojjl *bljj jl w*1^I lJI y>o jll 

. -j^lS^ d)bpj^Jl I4J 

.47 V^l Iv-i^iSjj^ (1) 
. 1 4J.N I ;j>!I5j_^ (2) 
.88S4SII ijdlij^ (3) 
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• - b '^ 1 (jij^J p ^J aj . ^jrH **W UJlJlI iu.^uJI f-UjNl 

,y J)Ji <i>! 0^ y (Jty vl/^l «ciikj.j J^jjJl AjPjh l_~~>- j-^uj d)l UgJ 
y*~J o^ii iSp r tJ^ 1 4>*J Wj$ Lib>*« olj*j 4j b^U *L *LmJ| 



.27SjVI :>U:_,j^ (I) 
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oJuo ci_y^j" vJ^>- (.^j^U <^.j&Jlj J>\j^\ ^*ljJl J* J cij^l i*i-aJl 

oU*-J! jJU- ^J o'r ty*- 1 ^" ^'.JJ^ ^r 1 ^ ^-^J 'ijH .r^' °^' 
^UJ! £L, U ^>JI ^ ^ ^1 dJUUI,, jUdlj JJJI o^x>.|j J>j% 
J5" ^ tfJ iJujj ^y> Jju jj/jj all <u L*-U *U «^» *U~Jl j^ -til! J^l Uj 
*^a) t^l/il j&j^j *U*Jl ^-{ j^fcw^Jl i_jU«*JIj *-LjJI i^ij^auj ijb 

{j* Jl>^J|_j i-JjaJI (^-Uj ojl^pJl i>-js J>\ JiUap r^l v_*xlJ 
r\.J\ 01 US' . ^jVl (_jU iiku <jI *-L« wbJ>«j ^ Uf* Ijji ( ■r»«Jl 



.164 Vi\ :ijij\ij^ (!) 
.5 oSl IJJI^JI ij^ (2) 
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fl j AV-Jl JL>JI *j2j Li~>- . . UjJij AjjicvaJl jj*->J|j cJj^SCllS (j^j^l 

iS-k Cxi Lr*? C^ 1 ^ J ' ^' -** J ^ ck-^ ^l*-*-" J^" cjIjJLx^. 

^Ul 4l> i i2) idjjti ^ ^>JI ^ ^J^ ol^ill JS &*, 
l*> *u, ^j^ll * L^li cwi jiL J\ .ULJ Lu- ^ C LJI ^j] 

Js. jUwj c oUdl LL* SiLj J I ^ajj 0JJi ju IJuj . (3) ^^iiil duos' 

^ a- * v^V £2 0* Us* ^^ Cf pL *- JI <>* '•fe ^^ is %j>H 

• u^j^l ^ tSjI^-Jl lJ jljJl U^ ^» U^. \ Tf cj> JS^iJ ^.lu^l 
J^*^ yi (pi*} US) ^«i ^^iJl J_p. ^j^l oijji 61 

jj a Lfci ^LJI i_^b Jl^t iiUj . >t ^>Jl luc^Jl ^ ^j^bi'^l dUi 
US' ^-SUJI jjjJi i..^ j] <.j>Ji\j jJ\ p^, Ji. ,jA;Sn ^pJ u-flkLJl 



.48 a, VI lilJ^JlSj^-, (1) 

.57^1 Jtil^lSj^- (2) 

.9hy\ :>l*5j^ (3) 

.43^1 :jyi\ij^ (4) 
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AiliSCJl ji ^^Jl *l ja (»->«ljJ <L>^ L^j Uly jl !>UJU«j liJL>^ (Jl^SII ^l 
,*~J SluUl ^jSlI ^ c_^j «iilJLj i Jit 6j\j>. a>-jJU OjS^j ^AJl jS*)}\ 
U ^J^\ <l)li JJJl ^ U c«3t>Ul lX^J! ^ St^>- bjb tijSii (^Jlll _^*«J| 
dr" j^"' -r*^' ^j'j^- ^--P ^j^" ^^j j»*Jl ,y j^"' ^ jr^ •* ■/-> <v»jU! 

J^ J**j L^Jli ^Uj^ll fcjLuJI jUull ^ I^U-j t(,yjJl ^. i^c 
i5^i> nlj* ij^p -jP SjU t^UbU gJjjT sap -y. ^ yoj j^ljaJl 

^1) ^^ai^lJl Jaiyill Oj£j il^ J5Ci)! OcJ i.lj.1 J£JLj iLuJ J^p- 

^1 v lx53! ^ JLj 4.1 U/i ^)l r !^l ^ J& ^s>. Ui-j 

cjj ^ jlj] ^1 (2) 4 V U d^ tutj .^L ^^j gpii *i u^i> 
.[i3 jscui] .^(uU^u^/I^Uj 



.46*^1 Ifj-Plijj- (1) 

.36^1 :,y Sjj- (2) 

.429 ^ ^li ni!^ j_J| JJ^I jjuJI L%JU ^1 iTjSJl ^JJ (3) 

93 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



-rL Jl ,U»jt i£^\ ^J y-l ^ Ol^Co y Ij)o^aJ\ i_j»c-vJi «ii _ 1 

Jyj j a] 1 ^ y £y«j 3^1 <ir* ^J ^^Ti (^ ^ l -^>- ^ ^^ <JTj{ 
ilSCj f-LLj yp Aij-^ajj p-Lstj y A> ^ y ^a- i i^J y Lj-i Jt>- y e-L-dl y 
Vi\ 4«Jly^l *jj~> J> *jj U Jl AiU>| (2) 4jUaj*illj t-JxJb AJ^ b*u 



.57 



U^pj J^lj jj*)ltf CjIjUI y j£&\ qUJ JiXj ^Ij^I f yi" - 2 

Ol Cojj Oyftl f-Lil LjJU bJ_))1 liLi Sx*iL>. y»jSll ^ dkl ajU yj)> 

C LJI UL.jtj> (3) <y^ ^ J* J* aJI ^>J! ^J UU ^ill 
• \iVJ^ ^ <*-^' ^"J «j^^2-w^* *^ p-U— Jl y UJ jjU piljJ 

1 5-U^Jl Sy y^ i. aJlp jujuJ U y~v5> y .a*x*j r-Uill JJU aJ^p 01 
.dUi _^j I^pUjjI JLpj (yVjSlI wt v^ - ^) **-*■ (i-^ 1 jL-Jl 
aiLJ! ^iyi SyjJl cu^Axj yp ^L.^1 *■!* ^f L*V~ J2JI aJ^p ^"j 
JiJ UJlIpj tAjiki*^ y'l.! J I lf»j~Jj y*Sll yM (Woj ^IsJ) aWUI 

. .(I6UNI -y 

yJlj cijIjjJl y jt^l viLyJ y dUJ* C LJI ipU -3 



.48 ajSII 1^1 Sj^-. (1) 

. 43 ajNI : jjJI S Jy * (2) 

,39 XjSII :;jl>JI ijy* (3) 

.22 ajS/I Ij^JI Sji^- (4) 
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:JUil!uU^JI 

♦ 

t *UI *y o__p- Uj cJL2J ^1 *jjJ| lj i*; JUiJl LjUt^JI ojLp (1)1 

J iSL^Lidl iA*i£ll pJ«J! ol& (»ii jl) i_^»«~j jlpLj r-LjJl *j>-jj 

Jl lJU-1 JsaI ^1 L^jjlyj toJtAJl IfuJil ^-^JtJl J^" Ujiic 

*L Jj> jyj . . (^1 Ujjj) l^L. u a*j J ^yijS/l ^ku. Jj> »60 

01 -Uj c *UI £cJa^ •ji^wXj ^ ^ I^jUI JL* cfJLULS'j t oLk>«J|j jL>*Jl 
Mi* *Ul v-wS'jj jl jjjj>5o a^j ijbi cuL*iC SjlyJl oJLft fLJl j^Uj 
^j'j^ ^j^ £V"j ^UJl ,y*«j Sjl^>Jl oJLaj iCUjjjPj S^jJu y) 

* J*T J' £*V ^"J 1 ^ ^J-> ^iJjl V^ ^US" Ji* 01 dUi ^j 
(-5?) ^ ^.>r J^l^si t{ yL»iJ)fl Jl tijy- hrj> *jj «u>LiljLj 
J 1 tW tr*" U^^ Sibj Jl ^ |JL» I^JUIjGj c(5JUJ| .JU J jUJ| 
*I_^J1 ol^»- £k«J M Op- Jl cJl^j jJ o 5JU5CJ! OjSS ^ frLijjl 



,22<; > ill I^jJjjSji^ (1) 
.46«/Sll IfjjJlijj- (2) 

95 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



lij L.I tJUf <i)l «fLSj ^Ul tl)l£J| Jl «j^| „U:| JU.Lj (i£j>~ iSU> 
o>Jl y Jil OlS" l^u J^-ljdl 01 ^1) cjIi.j>J| oJLa. c^ij'jlj J**>- 

_^1 .Jiiss J^~ Jlp! ji (jjUi ■>. ji! Axhs" d^ .rsut j^JUi 

bj&J i^UJl Jl J5LJI y Jj^xs ^isl dL-Us 01 J\ oUjj^JL J^u 
J^-laxJl i^Jl H\iS i_^>- SiJi«x« JlsLil Jj^ ^Ul «Ii!lj y£l| 

0l ■jSUj L»j t(^kJl) *Ul Jjb gliJl JjU Ljju>- t <xJa3 qjUl fUlj^lj 
iaJL»J ojjS'Ul f^ljJI V^ f*^J V'*"^ l ^M^ ^ J^ ^lj>_gJl J( L*-xJL 

cISl li ,_/>• 4i»*-j ^Oj ^j \j±S j4j^J| J^ ^Ul ,y»>j^ . . hSj! 0^ 
dill* cjI^jJI JS' ^ aj li^ti fUl -b U^U cl. JUL) .bJL- SlUiLu^ 

Si ^3 J-*JiJ ',JbJl CJjJl ^J Ai ^jJj N J£jto AJLi^J ^j f-L^Jl AiLL 

*l^S31 Jlp ^JUll v^ 1 ^ 1997 f^ 1 ^ SjiUJl oLsLo^-Nl 
d)l Ij^aJJI aSIUI ^kuJ d)l a>j^j t2025 /»UJ! Jjl>«j "/.265 L^Xj Jbjw 
^"L (<JI ^ (1)1 v_^o U II* j) JjUIj ^b-^SOl y bj"L>-Lr^l =>. 7.60 Jji 
^iji U. . . L^ijLi fcJI J^ JiU JiClo jSjj ^U| iy^Jl ^ jl^x-I ^ 
Uuj tolijUl ol* i>JU-J iSLLJI (JIp tJ^^ U t_>U^l tjj^su 6l ^J 
(^JUJI II^J oLL^Nl ojffjl jJ) es^l 5SUJI {\J\ I^.jl^u-1 ^ 

AiUaJl vJ^J jl t r-L^I iiUaS" ^^1 g\y[ ^ t iv«llJl OljOJi ^ Astf U-j 



.57 IjSlI IvJIy^Vl Ijf (1) 
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: rlj I 4jU? 

CulS" d)lj (_y*j) (j^o-iJl Sill? y 7.0.25 ^ly UV^ £.^J cj" J .P^J 

SJl^xxJI CjL^jJI iJtA^I O! LJi>-N jJ i*»l>-j iSLkll j^Ux4 y "U^. 
AJilb Jj y> {jC- p-lj^5Jl y 7.80 l^J AlJLj j->Uj ^Lj^iOl y (t>li«) 
^1 jlaLuJl ^j . Jali A^jX>Jlj XJL-iJl ttj£b l^*^J y SjJ^«J| r-LjJi 

^l^SOl iiiSCj (jA^ "j^Uj aJUJI ^ Iji4 '/.7.5 t^ Aid ^-L^Jl I4J JxJJj 
d>y*j j*^jJJ\ y 0.04 tipLi/islj jiXll J*>*j t^JJl (_5j>Im^J| ^1 
L^UoSlI cull j Uj . 2000 ^ Jlip jVjjJl y */.03 Jl dUi yuUub 
01 *i_yl<Jl y ^1 iiUaJl oJLa L^J Oy-J ^1 <Lij5jl _^ jiaj ^ 0j.o."^m.« 

j^u, v 1 ^ 1 x^ J* ^u\ Ljtyi y y.20 ji y.10 t >jj 

Up -oil JUJ Jill £« *]}#. -u*>.j ^ ^u 1^ ^-LjJl J-.JJ yj yJlj 

■ (3) w>. 

. 1997 jij6\ . Sceintific American iL»wJ \jyil ^U^-jJI 
. 13 Vi\ :yUfJl «j^ (2) 
.63 i,Vl :J*JI Sjj-, (3) 
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. . JjH\ J\ AJOpUb jUaiJl ^JJJI l*Ki j^L, jaUj^L iUJIj 
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Zj£> (t-Jlj^ lfJ")t>- clfiw jy&& 4-1* VAj jl *jS3| ^^Ip Oy JUJ 
i-i>-j ^1 CJ.1I 5jyu C*jJI>»3 <uJxP SjJUL*- CjUJsj aUaJw ^LJiJl LjJjs- 

L>* t_*x— i! tAS'Uj &- L\i cJJb-lj ^LoUl ^jSlI <j1p La. ^ *-J 
Ijj^oj <LL>Jl J}J»IuJI ^J tiJJi cjj^-j iujIjiJIj jjiwdl -j-* iiiU. cjL<5 

,_^Jl j\ j>J>\ yS Oju LJ co^vf jA>L. iiilJu cJjSii tfJJS Jl 

c^J^' «5>> ^1 ^ j-'j)' * ^0^^-f j** cjLT ^LjJI cJij-^ij L^ 
41 jf^JI ^J UU-t ^JUI ol Cujj opl »L!I UJLp tJ>il ISB UiU. 



.5 iSfi ivW (i) 
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aj^*xjI oLu^ ^ jjZ jSCio rt-AL^ij Cv4-&Lk jLjjVI oJLaj t jjiTJUJl 

jlUJl yJaJlj JjijJI L^jw £*Jl! £jj\ Ijy^u jila^" illl^j- LfiUiAi^ 
y*Jl ^1 J^oj (1)1 Jl UjlO>«Jl J^oljjj a^jivaJl j^p^aJlj jU^^lj 

. iijyuJl ^^IjJiJi CjUJbOuJl oJLjj d)_^l! 

JjSfl iU^JI : Uly^ J> JU J*-l^ (i.^ jl^Sl jj U b^U 

^ . aL^I ^ feJliJI iU^Jl Ul yJL LiyJ aJUIj S5I.a>JLj o^j 

jUJI lijjf jvj>x>JI B^Jw3 Ufs- l)Lojj a^j^ ^Jl (5_y>*j ^jSlI SJU-^Jl 

^j . " [|j>-|j \ynj j^xS Jb- ^ywj ^» [^oju ^3 ^1] (2) 4cJ_^»i 

L5 *~k!l -dS^i J^Lj Lc^u (SJj^ll) fcJliJI iU^Ji ^ OjSL! ^Jl 
/>jjj| 6jxJ pLJI y^J jbjj Uxp- Jij* I4JI L^Jjl 1 »-L* SJip 1>Aj (_^>jVl 



.39 hy\ :ij^J\ i JJr , (I) 

.3 AjS/1 IjlH^ISj^ (2) 

. 550^ JJ. AIJup JuJl JJj^I ji>«J I i.%1! ^SJ| ^T^l j^Jz (3) 

.68 SjNI li^JljJl S JJM (4) 

.69^1 :oo!^j| Sj_^ (5) 

.u Vi\ :LJ| 5jj^ (6) 
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JjuJ fj**jl O^A JUjsxXj j\ . <^IJw9 f.L*Jl U^y g 0I$*> . . . SjJL AiJUJ 

g~d 6| j»-aiU J-»^ t (3) ^jJLi oJ ^1 ^ pLJ! ^^Li L)j_j> 

lyl iS^ (i>JL» ,_yoj) Olkpr^j jUo •y 9tB>J1 dL* rut JaJU>o lw?-j 
«^> pUJI CjLSJj>- J^-IwUj aLjJs oL*» JIaj vldaJb^-l li^i '^^^ tl>w?lj 
Ujjj ^liS" JiSfl Jl MliS" jiS^I tf jl^Nl ^jJL-L ^^1 L>^ 

(5) <^0LMl Cjij>^\ £/> C$1 J I vUJi ^^ JJ4 V *L> s^AJ jij 

(U^Si US") olkp^Jlj jUJl ^ *U i_waJ ojjAJl ijUj AjOJL>J| 

oLJaJ! -y p-fcbSjjj y»Jlj ^J| ^ ^hL^j (oT ^j Li^T jiaJj)> 
jJI oUlU ^ ^sCu^ yty t (7) ^SLyiiJ UJU- ^ j-iS* JLp ^UUij 
Up ill Jbu 4)1 £, 4\p aus^j ^Oj -^ l^ii ^J l J^jj ^j y^Jlj 

25 ijyl I^r-pSjj^ (1) 
,31 *iSl : olpjUl Sj^ (2) 

.12^1 -^ bj^ (3) 

. 30 hy\ : lULJI ijj^ (4) 

.19^1 := > *>. J JlSj J ^ (5) 

.20 JjVI : o* 5 *-^ 51 S J>^ (6) 
.70Jj.NI ^Ij-Nlojjv, (7) 
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, fc> L»J ca \jlSh y*JI J~. ^JUI y,j> (1) 4o^^i 
^. I^AiJj o^l -us viJULUl ^^ ^>JI p3 ^ ^Ul Al^ (2) ^0j^LiJ 

I4J JiL^JI ^Jl cJjv*>- JUj >U <J| cJLvjj ^J| gjki\ [fu, oj!S jJI 
iS'jaJI ,j^>»3 tSj^dlj o_,^Jl ^1 amj*J\ *£j>i]\ <-_jjL-oI LjJlp (^■/>*J 

^Js> lS^\j^S\ ,_^a>Jlj J^jJIj j^U or^ tltti >**^' £.l>^ p-K^ 

lLIJS i>^xJ D^5ci jl^Nl Jjwij US' LfJ 1I0JI aJU*j *j&s e^ljjJI 
a_jLJI jJsLuJl ^ 5^-iTwJl a_^>oJ| jLSLiNlj eij_453lj jj_^aJl 

. c-~Jl ^>«J! Ji» 6LJNI L^Jlp jaLj a^-j^ J I 



.63 JoVl :J*J1 »jj-. (I) 

.14^1 iJp^JUjy-. (2) 

. 12 3#l : v'M Sjj- (3) 
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m 

^J\ oli)> ^j I^pIj^L tijIjjJlj (>i-Jlj j>-\jj\ i/* li ^ , ^ 
Jyj ^j (JUp^I J| tjjj JS^I OUNI Jjx, U^ ,UI £k- Jlp yui 

iiliS" t_il^J ^ySwJI U4.A1; *j> (VilLuJ c**-si>j d tilJJlSj . , j^ U" 
ojjJI LkL>- IS| tAJu . «kJl JLp Uj»jL»-f ^ik> _p^Sl AiliS" yf- UjfcJb-l 

L.JLXP dUiS" 4ia»-^ L IJLftj f.LJl «Ja~. CJ ip yiku C*J>ll b\i *-LJl *^ 



.13 V^<y :^i 8j>- (0 

.24 4i.SH,>. : l >^^!!j > - (2) 

. iJlill hM\ 497 ^ _p jj^wt (3) 
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mJimi C*jjJI ZlA> ^Jai£ vi^s- _p*Jl ^1 AJi^LjJl 4j^AiU y JaiJl t-J^-^Xj 

. f-LJl TtJa^- ^^P !A*XJL« lj Lj <bV JaiJl JSlj>- plilsM pLJI fiJJuZ^ 
Lfjjj JjUj 4*JuJI 01 '-UjAt *LJl «Ja**i ^jip ixJUJl jjt!s» ggAs^jXJ 

f-ljfl! ij>-JJ C ?tkwj| ^jlp aJU» ,_y4^3 (JLpI j^JI "jJLill AjtkS *JJb *Ul 01 

•y Jjl 01 . AJjj •>• _^t ojiJl oJla cJlS' bj. jaLj jv^^JI •_,£! i Jilj^Ji 
^UjJl jjUJl y> (Jil^Jl ^ Jlp^I J! ^oJl 5ji) Sy»UkJI aJU* Ja»-N 
JiUi OjjJ *ijl— • j& JLpS/I tjll ^iJill Sy 01 JU cLj>- (J^jl^-jI 

•ujjl J5L* ^ j»-^>- j^P !i|)l 4jjjU «uLp jj^j Lo iJLfcj t*-*->Jl *>*i)i t/jUl 
«jjAJC<JI *-*W>eJI <UL>«-« Jj^J (_SJUl JiLJl *J>*>- Ojj jlJJL* AJjj -ya JuLL 

t JSLJl villi y ^jJjiIxu -jJaJw? ^yll ^yfyCj jj*X*S\ (^— >J| 01 liAJi 
•y bj^p (5jL-j IJLaj ^jJlpS/I j^I JjL-iS/I y aJLp TkL~. 0j£> JjSlI 

y-Nl iaJwaJl Ul tjj*Jcdl *-~>Jl ijlfrJ ^1 JjLJl «Jsu* -^ <*Jj]a JjLJI 
*]jb JSLJt -y bj** ciJ^-i I^J J^^l Jl (^^1 (>» Uaiwi 0j5C~i 
<LjL«>- <uL<^P ^J_/*-l yj • jj*k*j\ rt-»<*>JI «Jaux ^Jl AlLJl 7t.L..>i jV* 

rt_*-*=rJl *>«>«j JiLJI y IjIjJLo J^Uj oJiaj ^s^l Jl J^"' j-* ("^■-^' * ■>* 

■yi L>J>id>-l tj»^>i>JI (j— AJj ^iSLiJI (W-AJ U-f! jjAm* t>w> UJl>-1 J 
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0U dilAJ *-*~>Jl <k5" ^ ^l SjiJl OjSsi^ ^yJiJJl **«>JI aJL- J «0l 

dj£u» Sjill d)li JjVl ,t-~>Jl iiU- J Ul *Ul s-dsu* Jp jAhu*j> ,»-~>Jl 

JSt p-^Jl iixS" ol U j . £iaJl Jl ^>^ tiUJU ^^1 dJUi ibS" ^ Jit 

j*-~>dl 01 _^>-l ^y^-t^J jl j^Jaw 4j^S *UJI -y 4J jLw« rt-v«^- Ojj /w» 

Hya -xkS 01 ^1 4pLJI <ili£ -y ^1 ^^x^l Wilis' oV ^jAj c^/r^l 
*Ul iiliS 1 -y Jjf A^LiS" 6j>5c3 t^Ji^JI *-~>Jl Ul i*-UJl ^y -w>o- bjj 
Jj> ytk: cijIjjJlj ^IjJ'j o^ 1 0U dJJJU . AJl ^Lu* JLp jikj 4j|> 

4iii ;uo ^>ji j ^j>j diiiJi oi >• jjl^ toik^ij >*ji ^k^ 
jIj*ji ^ c ( %^ ^ jsa oiv au j oi <jlT cr r~J 

t (3 MoJ-~" dlilll J*j l«» t (2) «^W yJI ^ oUull 
oJL* jli . ^LJI ^ ^l±S- JiSlI *l_*Ji Jp JL^iJi L^U J ^^j ^ 
t3>si l«iiltf dUl ibjjj l^ifC* Jl y^ju^ ,Ul 0U 015 u-^ i^Sl 

u*j^ J^ <^M>JI 01 ?&} oMjjJl J^: ^Lsa Ellis' 01* lij 
N| cSj^Ul s^sUJl ^ j^j tolk^Jlj jUJ| ^ ^Uj.Vl J>-b 
bUJ cL^ _^kJl i)U~ J i^j^j ijiy, ui^. j^ ^j^ ^\ 
toi Noj *Ul l«J ^_j oliljiJl .1* J^iJ ^yJl i!U- Jj i^L 



.31 «/ifl IOUaJ.j^ (!) 

.24^1 :,>^^I» J> ^ (2) 

.22 iuS/t :^>u^J| - oj> ^ (3) 

. 13 hy\ ij*iJ| 5 JJM (4) 

.14^1 (^JiJlSj^ (5) 

. 15 JuSfl :yOll Sj^^ (6) 
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^JUI JsUI Ojjj iW ja jj^JuJI *-~>JI Ojj 01 Ixv^xsl jl : Mjt 

t a^>»>xj (_$JLll JiUJl Ojj *_/> j^l jj^JuJl *^*>Jl Ojj tilts' ISJ _ 1 

(_$! -u>*>«j (_$JL!l JjLJI OjjJ L>jL~« jjaXJ\ *-~>JI Ojj <1>IS* IS|_ 2 
yb-u LJI i Ji-Ml J\ Ja^. Nj JJUI ^ j^Jl _^J* U~^ W = W 01 

(_£! <uj>>«j (^JJ! JiUJl Ojj <y» Jil jj*J«-Jl *-~»Jl Ojj OlS" li|_ 3 
•j^ *•_}>• is-ij^j f jij^ Jj ■/*-*-£ *^J *—»>*Jl j^ W^f" ^' Cr" /^' W Oi 
AiptjU-l ^) jj-JuJI ***>Jl Ojj l5jLj WjJl l^\ fli*j i J3LJI 
(5JJI ^Ji\ Js>^l x *M = OjjJl 01 tL^ 0>Jlj UikJI 'A&l 

^l)> . ijj US' Ifi jj jJwj *Ul ■y 7^.3^- ^^ l*-j <0*~N ^ • W^ 

j 6j~ ^1 tiliiJIj jl«dlj JJDI o**-lj ^Ij olj-JI JU- ^ 
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J A j^Ij ol^-JI JJU- ^JJI 4l> S l) Abj>*H ^ oL.Sl <>j% 

o-jLp ^1 ^jJLju 4)1 Lf^j ^1 A-^icJI t«-^>j (-JLsJl JUuJl b\ 
Jjckj <i~>- JUi &\f _i : jj^juJlj (^UaJI A-^^Jt SwLpU Jj>- t ^^i* _£*J! 
i JsAJl Ojd Of ^jiU] <ul <y> ^t J^ fl/iJl J*-j jLo t (5) ^«dUj 

«ua jluu rtJ 4iw*vaiJl r-\j>-\ J*i ^UJ! i~/> ^j^ 1 b*l*j tf-UJl a~/> aJip 
_^l *j t^jl *ldl A^ -J I ,^1 OlS" (^JUl ojlJLi* ^1 £>-j ^^ J^iJl 



.164 01 li^LilSjj^ (1) 

.32 01 X^yXljy* (2) 

.66i.Nl i^MlSjj^, (3) 

.6501 \^\ljyM (4) 

.12401^ IfLoVlSjj- (5) 
.I968oj^ 1 luOJl 
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: Jjii ajIsS" ^J ljy> ^-k^ji iLw-Nl dUS ryi*i SiiJUi j^^Ju 
(j) = -jj^Ji p-LJi djjji tj = ajIjJI ^ &JuJ>\ djj d)l Qpy>^ 
?^>\ -Vis j = L-wiill ^ IjlJJL* Njl L$x« L>-_^1 jlS Li! ^^jjjj . LsaiI 
j- J l5j^ ^-^ r| j>*Jl *UJl Ojjj «j- j iSj^i ^V-^JL! JbJi>Jl OjjJl 

tijj b\ ij^J^j tfUJl (ji IjlOi* Jj^jj a~jLJ| Jiixi &J L JI ^y J-uJl 
^ i_wai)l ^yi IjlJJu) ^vaJ j^j . ^ + j _ j AXuLJI Ojj Oj-Xj Oil 

•^ jl jiJl \1a {j* yj>j J)ji\ i»^UJl ^i f-UJl ^ J_^J ( _ 5 xs- kuUl 

CJJJ Ji AJI Ujj I i_J + ^ + j _ j : &UjLJ| Ojj OjS^J i_J i-iyo i—^yoiJl 

• • J ~ i^-*"^' Woj tijl— j Ljjjy (Jj^I k>t>UJi j>. ^i AijiJl 
iy jry-i ^ «l>jj i5j^ ((j-) Js*Jl Ojj 01 cil v - j = ^ jl 

. Lull t_,..^.3,l| t y> ^LuLJI ^ ,*->^J L« O LvaiLi Njl l_wa-2Jl 

Ifip IjAkJj £Jb> Lfci fAj)> : JL5 Ujlxp pJk*S\ ^LJI <j jl^-j 
0lj>JI ^jHi L*j)* <• MO'A^**' i ^*JI ^j U^j p-^jj^ <_*» ^r^ 
b_^» U»J >JLSu J^ ^j rM ^L> IJlaj ajI^JIi *JL< oly i_jJLp Ijla 
*Sl*}j <d*oi -^ I jis+A j>-\ ja «ui tilLUl (_jyj L$j j**JLt SJb- ^j^-j^l^jj 



.80 XjNI :^.>JI 5j>^ (1) 
,12^1 :>USj^ (2) 
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w~ 




^jju^l 



j <^vaJI i j*i\>ju\ _ 3 
^yaJlj «^*J! UwiU- _ 4 

iJLi_)*All U^v?! j>-j jj^iLs-tJIj JjJL>J| _ 5 

OU-JLH-7 
iuiUJl_8 

4~~»JI AjjJaJL 10 
oLj oil- 11 




_^ 
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J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Jk> N 4i\ bty : Jii SjJJl *\j&^m\ Jlp oUi cjU cjijj oil 
J4J . a) ^UJip 1^1 AiJJ j* ofcj ^ipUii fc-fl- tils 0l> h> JUt* 

(t_4»jjJl ^yl^SJl J^aJl "jP LJLp «ulj| (j^aJl lijU ^ 1 ijjLiJt 

Ol£JI JiJ. ot IjJti Jj^V 1 <^^* »^l>ilLjj (yl^Jl <*~*yJA\ 01 

UjL- Ji*J Cols' CwJ»- SiLJU SJLa-jll JLv»UJl jjb o-iUl JJ ,y 
JJ ^ Fullness Ofc/il! *Li^,L SjjJlSJlj aJj^I CjLa£}\ j] ^UaiJl 

J-^ Ijjh*^ 1 c*->«jv»T ojLJ! 01 ^i .L^iJ ^ JjJulJl 0L5CJI «_* 
IS[ <J| JjiJl 0L5C^L ^1 t jjsrjJI jjvaij l^JjLiJ 01 OlSCNl ^1 t i^j^l 
(*-*■' iSj^ •jj-*" jj-*«J 01 ^Uj ^ OiJ t ojUI yoj^- y> OlSCJl *!>b«l OlS 



.40^1 ^UJISjj- (1) 
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Relation of Space OlCJl jJJi Si^U 01 JU Ujl**- JLJI oijJl 
f J*^l 1/ ^r* 1 ^ ^L^^-Vl 61 Jji!l J^U ■y.j ii^u, ^ iS>U Occupancy 
Ja: ^^>J! 01 yi*. lift Ols tj? *--^ll t/j^l ^ij^xJl <ul^ ^ L jij 
C-V ^ tr^J ^ J^A Ul (t-^Jt aUuSj gjJJl OISUJI 01 Jlp 
t%J Ol£Jl j* Jaii IL^ LU^t 01 ^f aS>J| ,|^ ^^JJ jU^Ji 
SaUl cJlS" li| LI .Physical Bodies VLj^aJI fL^I L^Lp jik; *JLj 
^LOIl Nj Impenetrability ajSU; N BiLU ot JL^Ulli Ol£Jl ^Uj 
ajMms l*J ill! iS" j Indestructibility i^WJl »jipj Indivisibility 
i^JlSUJl ^L-U^l J* 0^) Homogeneity ^JLo" LJj Rigidness 
LJ 015UH ^1 ^i tt y»lyJ| oIa ^j ^op couil a-SL^^I 

uJj^iJJl y. SjsLJJ A-iJ*J! Sj^gJl JL~> ^ il>o ^ Jj! 01 
J^" M>=~ <i>J vM 1 C?» l5^I ik- 3500 JJ (^JLU) JUjJI 
Ojj^l Si^tAi ^li. o^u £*xi jSj Aji^^Jl LpLjSJj L^JUu. •y iljJl 

iT^J'V'b ^lT^O 2 *^ "^V f-*J SjJJI J^ Jl jl>Vl ^ yb 

0-* ^W ^_r y L JS" 01) dlli A~ IjJLpI jJ_, c<~~-jJ Jl iiUil 



Uifi\ j\i lt/ U o*^. jiUJl x* yl* .i 2£_VyuJl otASJuJl ipkll ioLJi (1) 

, 1984 ojjj i*j)j*Jl 
.aJUjJIJL^j, nij^ (1980 "ll> i tijU^. j-^ j^jJI JdjJJI^jU (2) 
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OjSJ >AS olji {j* i_a)uj oJUj Molecules cjlloj>Jl j* SiU! ^LJ Olj 
p Ul &>.y>*5 t>j~£ dii'i ^ ili/illj . . ^j>-\ j^o\xt> {y> j\ j^jS\ oli ^y 

(1)1 JLSl (_^JU! ijjJb *-i* jj l^A . <j5lj j^S\ JJb>«Jl 4ij ^i*J ^ya^Jl Lfrs-suo 
jj* pAjtS-j (jJjl^J V --'^J J^Jr *-^- , Lwlj^ ^J^ CJu *-J . f LJbt>U <Jbl* 

ol>cl.ta.,rt„4 Ijjwj 1 jj cjIjJUI uy>~ i jjL>»Xj v>i*p jvx»iuJI d)jill >>-ljl 

^ i_AlLs ^j^Jl JSCiJ ,jXJ! oljJJl dL IjJlpI a^>- A^JLllj 4-SIj^^JI 
Electron <UJKJ1 -y Oj^xSCJ^L UlJL>-} C*~«— - i3 ■#*->/» V^j4^ oL>«*i 
i;j>-jjj| cjli>tAiJl <j> lJ!Ap JiCSj oljJUl jj./i"J 6j**^>jj dili jl«j pU-j 

J^b oJjdc- o L.^ Sj^j ^y^ cjL-IjwUI cjIjj J . SjLiML L^/5'Uuj 

_jiaJI) c U . ; .^ -> JI *y tj>-\ jjJI . . (l)jJ**Jlj 0j^j~Jlj 0jjJjjJl5\Sljl!l 

. (t_jbsai a^L^J (6) JjJL^Jl 
Uj oUjS'i U J5 1 . 1^4 jS\ *y>-j \~fj> yw>\ t-y>- L^Jj *LJut>U aLU DiJ, 

L>»lLya/> cJlS 1 SjiJl <l)l (ji^ i5j\i tojJUl ^cjjIj JU*^ jji <Jlp OjUx« jA 

aJUjJI Atomos US' y> jj ^i l j l atom Lfvuil ^jit&j c^LJLitA] JjU ^p 
(j^oJIj Lflt tjl ^UiJI jjXjijj tomos j (M) jjouj A : JjS/l &jAoju> j^Ij 
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aUSC fjJ3\ d\ji\ J SyAAj\ bjfc N jUi tSjJJl *yO" ^j ^,,.,1-J 

J\) s j*^\ ^^xilj cL^IxS" <^U <y fLJbl ^ ^ ^ ^f y, Sj jJ| 

II* Jj> v~jJI &yrj o^Jl ^-Jj SjUl J^ JdJ (pUi^l ^ 
^Uuio jio U L^JI J^ tOljjJl ^bS ^U, L^yL, US' . . JSCllI 

. . (Xji U* jlk: L4X. J£) jjly ^ ^^jJl 

^ cJlS 01 tl^ _^sSllj j**»Sll j^« LJlp j^ij ^IS" bJ. ^ 
4*J» ^lkuJ t IIa ,y> ajU-^J ^Uaj^U *Ll* jJ>j S^UI ^ o^ y^f 

. . $jj U ^ijj«J p-j-aII 
6! ti-~~ iL^Ijjj LsIjjJ Ux^lji o^vu-l vUl ^UJVl 61 

jlw> Jji. ^ il^uj" oU^>- -y i_ji!j* r^jvaJl 0l <jl i^JO ■jjjj 
LfJ 4 4$y«l. CjL»-y «y. SjU- fjvaJ! 61 JU 4Jli y>oy> JUJI LI tp.^ill 

y aJp J^U. y *j^l w-^r Jj^I ^ ^j -U^^j Uv^ly- 
y ^1 UsiSOl A,L,j\|| ^ ,^1 JL&I Xp^ 61 JU ^j>- tyly^JI 
ip^o J&sj ^^1 61 j^pujA JU Uj^j . iiliS" JSNl l»L,jVl J <u*^ 
p^JI ijy. J^U y osJt ^jjUxil 6lj . oliS" Ji\| iL.^1 ^i JLpI 

jU>^ ij^ ^«.,«', j jZj> ^JcS\ 6yJl y ^Jlill i,..a,,g-Ji ^ Foucautt 
^ py^\ jLiil <p^ iUja ^| (y^y. ^yj y^ ^y) -y^d! 
o£*ir* isr^y^ otP^ 3 ^ <js>jj+* -^"^ 0t P-liai^! ti**.- 4*Ulj *ljfll 

JJ^ Sly ^ •yU-SUl.j . o-LJlj ^1^1 J^U- jUll fj-^Jl Sjuil y 
^jJl ^yJl *»wj XjS'lJ -jP jSy <j^>o cjy^.1 JlSj . 5JU ic-^^-i 
iU J Plank dl;% ^U ►LjJJl jJU ^ /t ^jJ| ^yUl ^^ 
cP 0\j Photons oUjJy -y SjU p_^J| 61 ^^UuJl jjyuJl 6yJl 



,~~ .l-.alKPIl Ul tllo A10X.UI, 1U I ! ■ijlUU.u 
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61 ^1 Quanta oUS" ulUi fljJ Olj Quantum ^1^31 ^1 L^Ip jAJ»l 
■Pl^l ,>• ^ JS" Olj t£l*-S- J* J *yrj*tt (v—^l ^ j* ^i^ 1 

JjL JLp AJijXjl AiUall 5jS y> +X\j&\ (1)1 (i 1 "-I ■r*^ 1 ^-^ **-^l 

oL~~>Jl ol Jj^l £^1 SjJJl ^UiJlj c^UJiNl J»LsJl .JLi^l 

ij^JaJ «jIxj jui (jiii wiLxJl oJLaj SiUl f-ljsj-l (y *-J^ J^ ,«» '^j^j^' 

Lfiily cjU^-s;- jJ" f-jjii\ 01 Jtc- Jtft eSJJl Louis de Brogle ^j^j (jp 

. ^IjSCII ^ SJuJbJl Ajjkil ^L.^1 ^L-Sll cu>w^t 

^j tij& Ujf . jk^\j l$i* j^^'j Lf-A c> " J^j f-o^l OljlM ,_,» SjAJ! 
S| \sjjJt *£J* llf "il| J^j* <y> tijbju Mj 0'y i>* **• 'j^ ^ 0^-* 

UjI* ^ by^ Oiiil Jl5j> ' (1 Moe V 1 ^ ^ ^1 ^ ^J ^^ i>* ^ 
olj^*Jl ^ l/s JL2JU -op t-jyu *il i^^iJl JU /v^jW ,<jjj ^ JS IpLJ! 

.3 VJII :L. Sjj- (2) 
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o. ywS/lj . oljjljiJl ^y Utiyi\ f-UJiML Ai^ ^JDl o^UJl AytA ^ 

^1 ^waJb ,y»LiJl U*Slj ,y JU&NL Oijij l)I aSUs l^ Ojj US' 

. ."Uku gj>\y jS^ L»l . I4X- Jil alt dj& d\ jSUj BJbJb>Jl SJUJI 




i>*Jl i-^JI ^>^jfjj^ (j-^I ,/Jl 5l>Jl **1* j^j- tjHJ JaJa^. ( 14 ) JXJI 



.7^1 li^jJUj^ (1) 
.8SiSll :*l^l!ji>- (2) 
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j^Jl SynUkll dibJ ^yUiJl £»ljJlj (jiSt Ujjj) (jr-Jl olL. ^ v-jjUtJ 

i^* 1^**-? pO^' <Jj*U Oij~-^' Cy Ji^-i ' V-^ ^i jiaiJl oJLft La^j 
jl fL^aJl «UL jjJI ^U pJfcJ^-t Ol Jb- .j_yi\j iUJaJlj *LviJ| fjv*^ 

U^~ 0* u jf s^'j^'j f J^ 1 of. u ->^Vl Jp Jit! vi~» ^-SUJL 
^■^^Jl ^UaS" ^^J* V l^ y u/i <y villi* SJlSLiMl ^ l^j 

jjJI Jj>- 104 ^isJl y Sjj^UI CPj^j^i ^y S^^IwJl iuJUJl 
y» : Jj^ 1 '(>r^^l u^jp Jl «jX/»J Uij P^voJl j^Jjj ( ^5Uj 
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*j^\ * x^ii JjVl .^Lk^i j^xJl : jiiJij Lyh J a j| jjuoJt 

Vj-^I **-*Sllj SijIjsJl i«-iSll OjSC" vLS - Jl tiL, U^it JUU 
tij-^ cjSjIj-**^ cijj-^l £-L-*J-JNl LJu* J^ Sjil_^ L4JI LJlSj 

»1a 01 il~>o i>-_P Jl 0^ k*jLH iilkJlj Jii*^| ajJu^JI ^ (ji^ 

Jl Jva: jlkiJNl 11a -jP <5LL. j^Jj (Ul^fS" "a^J, Jlc <s\_p».\ *i*j 
Silt- UJbtl Jj J^ 3.2 X 10- 11 ilaLJlj cJ> _ 6j^l ISL, 200 
iSlkJl 0^& 238 pJljjJl ^ J^lj ^ J|^ ~ aj j^ Ik* jU^lS" 
•y 3 a-U 50 Jl ■>>• {y> \^=r lj~S <*+£ oIaj t tSyr \£j> 80.9 <d <L?~Ui<Jl 
'<jr JpJ.ri^ ^l/^ T.N.T -j* Ja 20 jUuLil *■ Jl& ^j Jals ajJIjjJI 
. [aJIsJI {ja 0jl-Jl t _^-< : - 1 yj Jt>U- SJb-lj Syi L^^^r ^j>>*j liji 

J*->«J ^1 Oj^jjJJI l5jj aIJJxsoI JlP (Jj^Jl r-UjJ^I ^L»Ji>cj 

£jjl jl) jt^l i~Ji J J ^j^^JLlI -^L dip (j^^* ""j^ u^' J*^ 3 ^ 5 ^ ,> 
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^JLSi 01 ((i>-^l 4~J*^ j^LsaJI j^u ij kj^ ^J* tij^ *_r>* 

OjJj^j) fj^Lft ^1 II* Jj>«i Uli c(il)j_yjJ + Ojjj^j) bjJljiS ,J\ b& 
jZy, ^J ilil^Jl ioiUJl ly JjuL tiUi j^jj (2 iJLp OjjjjJ + 2 .aJ* 
tjj^Jl lfyi*j ^1 (Ojjj^D l y ; s>-jjS i ^\ (5jJ -Lto ^j^ij ^1 c _ rk *-iJl 
Oj J j-J i_-»ljXSI J was- JilPj \Jj>- <j\s- •jl^>" *^" JP J clip JaJcsiS 7*^* 

o> .vjIjJ r-UJuLj wjj-bi^l) (J**^ dtt^Jj'^t*' °b^ -^ 6j5^j Ojjj^j 
4itAp ^1 bhlw-l ^UjuNI JplilJl II* Ji* Jvxxj -cjjW °L^ ^j^ 
Mass Deffect ibiOl ^aSJ Lfc*-J A m ^>- i A m = A ^- ■jjUASI 
. «SLJI fjJLfll iixS'j Jp-lixJl OjjjjjJllI t /isS' ^ c3j-^l J*-»j c5*^b 
i>JbJl iiiL^Jl iiLkll si* ^yb a5Us» ^1 J j>«^ ^Ul y> II* SJb53l ^yaJajj 

Jjtaj «jLJ1 ^.....lall t-yjaj\ ( _yX— «*Jl fj^aJI II*J <L~Jajol SjljjJl Jn ^Jtllj 
pLyfl (^uUtJl J**>" (•pIH y^ , ^ywia c-jvs jp C j^Loll j-Ua*Jl J^-b 

*i/| dUj 4)1 jl>- U oL^JIj j^-Jl ai* Ij^JUi) JjL» «jl5j Ij^j yUJlj 
^ J«>- ^Ul £jlfr ^1^ jjb jt c^^jJLj *^U ol^l J-^uL j^JIj 
b ^ i>fe* -/*■*" J*^?* l tyjr* lj**J M^** W^ i}**rj ^rjy. fU-JI 

j^" <-5' j-* ry^\ cj^aJl jJ-*aj i^Ul jf» ,-pLW^I jJu^JI Ul 
s-jvaJl y> U5 1 (!^) ivjL^SOl j| iJLjJJl SaUl (_yl^>- ^ Jva^j 

j_^ u* j^sidJ ju- V) ii5Uj u^ (bu-1) ct^j (_^T jIjl.) 



.5aj)II ! ij~J ji 5j_^ (I) 

.61 l.S/1 :0U>JI 5jj- (2) 

.16 XjSII Irji Jj_^ (3) 
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^Uu ^1 14; t_A^aj ^Ij *jj50l ^1x531 ^i SijIjJl oLNl -y> liUj 

jjj *^u I^sjj aIsC )uy> "ilj U^i "il *J ^j tfjL* Sjsj^i j* jS^j ,_$> 

Jliol! 4)1 eJ^^-^lJj cLtj £y tj j^ -Oil ^J-fJ jji ^J>-& JJJ j\l <U»~w*j *J 

U g^- ^s..:, cJUlxJI ^1 u" <^l i (1 Mf> ^ J 5 ^ ^J a- 1 ^ 

j-Ji ^.jvaJl AjLsO jjJI 61 Uj-XpI jl» (.*j+ai\ ily* j* jjlll 61 US' c/»Ip 

•/ ^J »J^ j^i 0l ST! ^ L*i^.J f** 1 ^*^ ^' J^ '/^ ^ iJ^ji^ 

.35^1 IjjJUjj- (1) 

,22 4iSll Jj-jJlijj- (2) 
.32i/yt liujJISjj- (3) 
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of jSUj L. iiUji l aJ)\ IJL$5" <i+ ilL» ^3 jj 01 . (1) 40j>^l 
^j -j^ SO>-l_^1 l^jlS - LajJj ii^3 Vj tij^ijJl oliJl tf> jx*& ij*i>- 
^ ^u^j^b oL*-JI jjJ -u>(^ jjJI y>j ca>-!j 4jil Oli dUAJ . . JU? 

A ~** 3 ^ ^d Ci^l >* ^^ IjTJ 01S" 3>[j] OljjJl k-^L/J J yj US' 

fc£»*Jl *Ui<yi cJlS" U ^ tJJ dJ tl" tiUu, d\S *U^I y 0j jJ 
•ilUji jjxU jUS/l (jl.i*aJI y> 015" ^ Uj -&I iUo^j Sij>-j>i ^ Lj| ij*-^! 

<i>L lji*fi^ (2) [*LiVl «u jj^Jj J^jj 4JIJL pStf j^j i^jj JUf 
j^JI IjxJlj . . . )> r ^j,«>- j-Uju Uj -uilj hJ^jf (jJLJl j^JIj -dj— jj 
£*« W1j j.* ,>> ^h$ (4) 4oWAJI ^ dlsljt -u, J^l ^JUI 
j4* 4idj*U* ^ p-*j >Jlj j»4*rf cf^J »lJ+JJIj j-j-JIj ^j ijUS3I 
j^ -il^ dyj al^JI y.j ^jVlj cjIj^JI ^ _^ jjj" JUjj -GU^ 

<iil : L5 x*JI 01 : Jli ^y J^J J^xj ot s? i J ii life ^j 5J}UJ| ^,1 J^ 
jjJl jjJl akJl ^J 01 o (j^-H S-Ucj '^jVlj otjU-Jl j^l. 
dUS ^ 41 JUi . IfcLp J^, ^JUI A>yrj J| y,j [^ ^Lil| J Ui_Jl 
j.Lp jjJ j> ^ sfllJI jjJl 01 JyJ Of ^kivJ dili -y . ^n^Xijj 



.8 ?jSll :lJ^J| ijj^ (l) 

• 152 iy t/M 9 ^' o?~>- ju>« jlJI idljiJi j-«i; j> oij-Ji (2) 

.8iSfl :^Uill5j^ (3) 

.I57l i Sl 1 y IljIjP^ISj^ (4) 

.69^1 .^jJlijj- (5) 

.122^ 15^ 1^'Li.LkJl i.%JI cilyiJl j^L- yi iljjjl (6) 
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Uj -iulj bJjj! (^JJ! j^xllj <dj~"jj 4)Lj U>«lif> . . <*>-J\ y> c^Uj AjjJIj 

slj^JI ^y ajOj •_#; UJ IS a-a«j j .>jj ^wU 4J J*>«i)n «Uiij Slj jill j* 
U>j +&>*{ jyj iS^J» U^i 21 j .jill UjuM UJf ^ -jJiJlJ SJipyij (^JUj 

}LU U»j jyljU lj_^uij Mj j-i^lj ^^Jl U-iiu tA» f iJLg-i aJLp I^jIS'j -&I 
y> dUi* j^Jlj . (4) <Oj>^l f* ^Jjti -ill J>i1 Uj ^ ,J o*J 

U>.j .aliji^a J^U. <&l olS iiyw ^1 Jvjj (_jJl iijjtJi y>j OUjNI 

"jlSLui' . . . )> Sijl jJl j/Jl Bj^ & 35 V^l ^ jjljJl Aj-SaJl U! 

a^htJti ^1 J3jj ^ji t-_*5 jS" UpO A>-l>-jJ! A>-L>-j ^i r-LyXtj! »"U*a» U^i 

(5 JUl j_yJl UjIj 4JUJI ol JJI Jdl jjd N "U^ij ja Uj! x • • • ^j*ij ^jl** 

ajjj yjZ ^J (JjJ^I ^SjSj\Sj oli_jl>t*JI JtA>- "j^i Jx>wJl ( Jup Q^aJh 
tojjS'JuJl oUya.ll «Jl$J Jl>-_y tJjJb*- 'J-* 1 ^ '<J^*J **U^* liiJJJ 

^JJ! •& A^jhJly U>>w Alii ^ jvjji^jjj t^^pyu-j ^JJl OUJ^I JJbJ ubr_yj 
rtiS, hj^ Crt^ p JJ^b ^UliaJI Jjw>-j u^'- , ' 1 "j ^!j^-Jl jl>- 



, (JjLJI jX^xtJ] 


(1) 


, 8 h i\ ; ^jjLJcJI Hj_^j 


(2) 


.46 hy\ ;3jjUJI Sj^ 


(3) 


.44 Sj^l ISJUUI Sjj^. 


(4) 



. 15^ : ^Tjlil ^jU; yi 6ljjJl (5) 
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jj^iJ "j-4 jjJ t _ y ^i -^wiJ^JlI hjAj*}\ i*Ja*J1 iL)l^*dl L^>J <^£)jjjl*j 

^i5o i^t /*ivjj ^y-*^ U-j-a! aj jj 4)1 ^1 I^jjj lji^>T (^Ail Iftn Ijf* r*-0^ 

f-Lij ajj ^^JJi r-^^v L^j x^i^ p Lf^ J^ t^* t ~^' ^ s^h ^JJ^ 
L ^^l oluj^Jlj •_^i«j^Jl ijj! »j±y , . iii!i -til fLioj t(_y2i]l iJLgj (j-iJI 

^liJl jjJl 01 J^ SIS) . (3) ^ ( »Ja*Jl jyi\ jA dUi l$J •^•JU- 
cjUxj (^JJl />UJl jjJl *_^ ^JwLdJl ^jijJl ^^lJ (y> Uj> UjI jj5"JUJ| f-L^aJlj 

!^S"ij *Lvi>j ^ISj^Jl OjjUj (^^ LoT Ja)j^> ajst ^1 ^ ^^ JS" 
<^ u^iJ <Z***H iS^ jy y>j & && jt* b* J* ^ ^ ^ 



.1 V^ ifUiSlUj^ (l) 

, 8 "L VI I Ajj>d\ "fjyM (2) 

.12 iVl : JbJL>J! IjyM (3) 

.48 iS/l \f\Ji\ l Jy * (4) 

.71 *jS/I :<j^i5J| Sjj^ (5) 

.17 XjS/I :Sj£JI oj^v. (6) 
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i>J ^A AjIj I* (1)1 iSXJl (j-jiL j^JI 0>-jl (jJl SyUaJl oJuo In 

AjLJl jjJaj « Lf»43 j^iaj CJ jJ( oy>UaJl oIa If^j l,*Jj-x!| (1)1/^1 UljS>-l 

C-v*j Jjj tf-j-vaJl i*~i» *jP UjLj lljwl><j IaSj dUi j-Pj AjIjLJSjIj 
SjLp s-j-vaJl (1)1 ^^JlP tP-U-LJl i_JjU*Jj CjL-Ij^ 'y JUJjJl d!&>- y AiAjJl 

dUJU t pUaII 4^1s" aJLp (^JlLu i*_Jh~~« Ja>o j~*J t(oUjjji) cjUS 1 •jp 



.44*^1 tJ^JlSj^ (i) 
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<, i^S"UJI 5>-jJa*Jlj oU^»*Jt y-j; La ... 1 1 jJLp /yi jj-/aJI .jj/ISjuI 01 

t -X)l inJauJ! 4lvuLS\j«Jl «tJu> (jlkl Lo IJL»J <UulSoul aXJij AXx^Jsj ^-S'UJl 
Sjj^oJI C-J15> Sjj*5 ?*isuJI AlouLSotil «U**J OJo IaISj Aj il*JI 4.,.......,V)L LjrfLdJ 

J^J hjj^\ £jA~-^j ^j^^l 7-jkJI :d)lp^ dUU Uij 7-_^4»Jlj 

. .I4JL. 
: S^-UJI ajlJIjS iij^cJl y.ljJiJl JSCJ US' ^LSU:^ 01 
^LutJl ^l&JI SjjIj <jjLj ^UJLlI Js^L- iylj 01 : JjS/l OjhUJI 

aLSJI ij^llj ^^Jl ^UjlJIj iaiUl £l*J| 01 i^iliJl OjJLil! 

: U ^IS^NI ^ U/i C-^l^ll < H J\ jj*^\ ^j 
ittU- 0>j ijj^J\ sT^Jl ^ aJ fcjSiJi j^jJi s J>tf oi :^jl 
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, l\yjj ^Ujjlj wLnJlj l jfij^\j JjkM J jt^^JJ 
jUvj d)j5o *-* M s»j\ (j^*J (1)1 (_JI (j^f^JI Ajjlia Sjj^aJI <1)j5vj ! LlLj 

; *L)I Ttla^j j*^U!l «kvJl 

5^JaAAjl I J-* 01 (_5jJ *UJI «Jx^ C*>cj jj-JaiJij i>-UvJl ^jUj 'yi il)l 

(_$ AjI ^Ooui/I jA cLUi J i_^*J|j .ol_y> jnJxwi 4jl5j lJ w^aXi l l_JU<3 

^IS^NI ^j b\ c/Uij .-UJtyJ Jv^Ul JU-Ul ^ISUiVl -Op jJlL: 
(1)15" UKj fljfll -y te^l ,y aJ[ JiJl jop *U!l «J=u- Jlc- ^ duos' 

l<t>- y>oi AjjIjJLj SU-"«-*jI AjjIjJI (V* j*^' ;*»■■. H ^JlP <tl»jJU< *ij\j C-J15 
^ ^yn US' ijw»lj oNU>* J (^yU-ljdl ^ISCju^I oybLb) SydUaJl 

^0 <bj Jl rtJ^J oU»l J<J| J i*JjSUo t^JI 4J*-> i*Jj>xX*wAj| Ol JaJo i^JI 

: JSLiJl -bs-^j US' U*-jU- Jl L*\yA\ J^b 
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Xij L> _ / noJIj **-Jl tjy- iS^/xJl ob^l £yt $jj LJ ijj JUL] 

c*u-a! j^JI oLNl c_JLp! ^ «oJiiVl» jjjj J^U -y. AJy Jbjj ^JUI 'jSCI 
il^Jlj »a>-j «1)LJ^I <j ,yjj^u iijiil 61 y> io}Ut ^j^Ul -^-UJl 
^OJI -^ J3)> . [<u] (1) (<^U- <^ ^ OUVI ^ Jiu ^JUI IjlJI) <j 

u Slu sotfVij j.U% ^ui ^ Lut ^jui ^^ c (3) ^oj^- 

.54 *>^al| 15 ^ t^LtLLJl (> ^ ju~ juJI </>Ul tOT^Jl j~Jj ^ 6i>Jl (1) 

. 23 hy\ ; vUUUJl Sj •>- (2) 

.9 ajS/I :sa»~J| 5jj^ (3) 

.78 V}\ :0^>Jl Sj^ (4) 

. 78 ajS/1 : J>JI ijyM (5) 
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JL>-t Ol (^lU J^^ ^^ <_y^ L*J ojJlj o^illj oJUJlj ip^'j <JUj>J| iivaS" 
i—i-S* ^iaJl <u *iwL 4)1 j*p «dj ^ *£>j& ( _^Ip (•-^J (^J^i'J *^*w -till 

JNjuu-NI i-iS^) Oliill La : Ojj— aJI ^SJb US"j • j: Jj j> S'juJ| •^-UJl 

*lu«Jl fljiSlI ^» 6lJL>-^3 N •>! JjL, JUL. ^P N IplJbJj *LiJ} v lxli>- 
Ol UJ j^GSL. JL5Jj> (4) (_^U*Jlj iU>Jlj oUtf Oljs^Jl JJ ^| 

IjjUT U j^4j c5L>-j -&I <^>LL ^jJj>«>«ji I jit? i| *,J* ^ (^fliisl "ilj j^AjUdj] 

: •j^Jlj OiSlI U*j iJLsljJJI ip-Ul 

Aj^JiJl DiS/i IfJl 7-Ij^j t _ 5 xJi iijJUdl aJISC^I ij-b- Uj» Cj^-iL^i 
(_$JUl -jiLSOl liilJJ 1#*>-Ij ^y djJlJl ^^LjJ! oib| «-jji-»l ^ yC^j 
ol\5t>3l ^^-Jj Ij-^*- b-* <j> Ji&j c^-iil) i1)LjNI _»aj <0l>4 ^ iiJi.l>- 

.46iSll :^Ui^l Sj^-. (l) 

,53 1>XA lS^i^l^LUliOUl >.'S\p\ j~~& ^ Olj~Jl (2) 

.36 3j^I :*l^l Sjj>-. (3) 

.53 A^ivJl lS^^LLLkJl i-t)Ult tDT^Jl _ nr ^i3 ,> OI>Ji (4) 

.26 Vi\ :oU>.Nl "ojj- (5) 
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^>Jl JJ^ 20 L-ft £yj\ iJlSCo). ijJbJ OljjSJUJl OIjIJUUJI . ((^-Nl 

3JWI J iJbJLJl y>) jI^Jlj . . Jlp^I JbJl jj"^ 20000 j Ja^I 

i_sl <-jJu jj j^f oJuJd! iJL^I ^ DiSfl L^-Ip Xi-J ^l sjlpUJI 61 
t-jJjJiJl dJUS l!jJj>Jj c-jli .sUi^I jSy> J_p- LLjJj Lbo il^o *_**>■ 
iL^Jl <aSUi jl ("-IjfJl oL«,> Jl ajJuJJ! aSU* JirJ Ji^s- <, Ljw Ij -^ 

ci_jAjJxJI Zj&j .Ifjjj j^Cm V cjLjuJLII aJUj pI^I jjUjiJ iJu^U- 

J«J oij>j «iJj| L^-JajJj L^JJ^- C^vaii SJLJjJl j\ ^./.w^l xij> Jj>- JjJtf 

(MdJl Jjvj j^>- |»j . . If. j+i ^11 JiliaJl J! ^i J! Jj&j I Kj»j ^y-SlI 

ijiji ULXmi L^« S^ JS" tiJUlj^Jl £y> iJbJ £JUjJ| j^S^j" IJL&fcj JjVl 

.Ibjj LUi SJ^I^JI *S>J| JUj tiJUl ^jJl > l^JUb^ pMJl -^jJl U 

IkpUaj UL=4 *3>aJ| IIa ^ywJj taJbv-ij AjJLi ijj^a>J P>j"^i\ -yijJl <_$! 

• ^^ cy*— i £>J1 J J 

Jj. Ajj^aJI oU-jJl ^JjJ UU>- VI tjJLJdl lift flw -JaX^J V biSO <Jl 
' ^*—Jl l^J ^> «-b-lj iiJij ^zy] JLpSII elft J5 ^c*X>oj 



129 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



cjL>-jaJI vijJb»J Ui;>-j . aJLs^-1 jJ! DiSllj Ja-u-JI Oi^llj L>-jUJl 

Jl LfjtjiJ ^1 oUJajJl _^ LflU aJlJJI ojlftj tOiSfl iJLJa J I 5^...,aa-H 

l*JL»* ^l^T SjLil Jl ^jjL>J1 *j>Jl [^j*, jdl 3LU| jj| DiSM 

l^j ^UJl LjJLju /»j& J**->JI <->i Sll 61 Uic . ^wjl Jl ^yLwJl i^wuJl 

. (yi US) iJU-loJl 6iMl Jl ylSjIj 



ou2jl &b ijwtli cii>iii 




SkJ^ Ju-jJI OiVl ^ JLWI oljlp»l Jto . JLLfcl Jl C&lj Ja-Jl £pVlj J-rjUJI 

u*udi afti ^ a-s^aii jl <. ytf$Jij aijuuJij as >*)i 

Jaj^wJI •>« <1»-Ul« jjlp J*j-<*»J /**J^ fjf' ojU 5, (JjJs^I wiudl IJlfc 6| 

Jl (J^J Jll (w*JUdl (jyS^Jl ij* J&*J l* JJ i IaJj^J OjSta t_ivOJ Jl .Laj (»UJl 

. - j-^j j/I in^LfJi ^ysaSI 
^i i_iuL£JI *J>«jI [**j (. aJ Jul l*aj (V~l ''-•■J-*- /y iV^-'l *— aJuj 
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<L»JjuI .Jl JjjJI tlr* "^j* i.f-jjjv\ Lg-JLc- „ la2 ,w t) ul> 'j**II /J-*-*-' 

f.J*JI *jl3;J oJlAj . AjK»JiJ] (JLp rt-«*>«Jl *J_>V Oj>^i «L**«jM A^V>J jJU.I 

SjLi! Jl JjvaJl j>L->- al j£_p*J J-P ibjjdj J-«-*J aJL»j t PjvaJJ |jj»- 

. 9^J| Jl (^^vaJl i_~/i*Jl JJi ■y jU^o 4j\jj4$ 

mmJI (*j^9 ij5wiJI JLp i^jlXt (I^vJLj *-L»j jj fu~>- jl jj*& 61 

UL/Nl Jl JkJ *i£y> SJ^Ij tip iJLft 61 jjvaXlli J£Ul IJL^j (^Jl 

jjJiuJI ^v-^iJ Sjj-^ -^j^ Jl ^pjjJ ■j-ijJl ij>-j L.I . jij^\ \js*\5 

^111 PjvaJl jL*5ll Synlii jy. La ^1jJL>«j ^1 i^L-Vl SjAUaJl 61 
t-jjii\ Ji^j L-~>- iJiLLlJl il^*Jl J t-j+ail ipj** ot&^-l ^jl! «lj-b>rj 
Jirj Lo^ai . JSI jl J5\ SjliS" <jp ^1 Ja— j Jl k~*A *i\iS ^i Jau*j ■y 
6U ^Jl* Sils* _ysi -Lu-j Jl pI^LS" oliSCJI JJlS J*m.j y (5^) p^l 
i_r*^*^'j • J***' (5 jx* w. J I Jlp /»UuJI a^ojJl -^ Ljj3 j^i^i ^^aJl 
jl jiS'l Ul <da*uj 6j>5^i *_«jj. Jp tijJb»J jLio^l aJup aJU>lij . (j-XJL) 

.yuUJl <U<mJj AjuiVI (Jj^^J <_s^lj i-J-W<Jl <U*-wJj Ajwi^I A^-o^rXJ 



131 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



*^«j>«d ^jijSCl! ad^j CJtL>- ltJj>^> i^Op UjLxpI -jSCoj Aj jAJ! ,v*Jl» 
^j*Jl eiU l£«Sj| ^U Jai^i tJjjJl jjp L^JLp ikSLJl Vj-*ll A^Vl 
*M ^I^Ml ^-t =j^Jl ^J iJU ^j t J5^Jl >J! .(U/i LS) 
i^jlylf J^io" S^IpUJ! Ols t^jjUic^^l jl _^kJ| jl«j j| J^]\ _ r/ ii ^j 
J* lH"J *J*j 4j< -*- u^ f^J f-^ J* & *U»l> 0, y **H -^1 «>• 






& ■> JU* 




%tjU.3ii* 



<i»Uii&Ji 



2JUu i^JUu 



^Jl v-UJl *UJI vrjWl OUI :fc>Ul ^1 j^j, Jak^, ( 16 ) jSCi 

Uj iJjll uVk ^ ^L-lSUil jUi J.UJI *>J|j U^aJI ^ ^1 



.23 J$l iSJUjJlSju- (1) 
.7 </$!! :o_jaJI Sj^ (2) 
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jjul ( Js (V-^l *Tr*^ &J^> ^wJ • <-JLv>o (1)1 ,j5Uj j>-i Jlj-w «Uj liAj 

j La j^ iy^j ^y^ 3 - 1 ' Lr*^>j 

_ ll) jt-uul «uIp jJJaj ^jSL^ <~-S' -r « jjLc- i£y»Z ^j^\ 4-^Li 61 
V^J-* J*v> • ck^J^^ -H^jdJ cSj^r" cy' j^J^^i iy~*iJ • ^^J err* 

jjb (_£JJIj JajL^JI p. j^aJl { ^1aj L*ij>- ,-»*J j*JI «USwJ j£*J <^>k-jXJ AJjJ j^iXi 

^/>L/ix^! <>tjXj LjJlSwi <iijj>«Ji j^cl jja^iUu si i_^vJlj . oLijj ii "j^ SjLp 

pj^aJl 4iLW ^yaloJ LoJliaj) . iJUou <Liplvi« Jajljj ( JLp LajIjXs-I jjh SiUaJl 

ft . . ./?" J L^AJ ^ylp (_£jlljj t^>-l Jxii tiUij <UjJxl« L$Lj^5' JmIa^J 

:(17) JLxJI JS^JL 




(17) JSCJMI 



I^Lp <w**vajj <^Ls*Sfl JSCjJI -jP v-ik^j fejj>JLJ JyJL>Jl JSLiJlj 
_ r ^aJl y vtf Ji~J . o^" j| l-wcluJI pAJH Uj» ^J^Jl *<* ^f-^Cj il)l 

^UoL f-^wL^j" LU*JU DiJ . Sjj^ll j^jj iUfS^Nl p£j «JI (Jl jUjNI 
(1) (jjO>J| fcjj^Jl J^Jto ^1 ^vip 5jU} ^ &j>Jl pI^xJI ^ *_^aJ| <Slk 



<,j^\j f ^^U WjijJl ijUvaJl ju».| .i ^lj\ ^1 



^L>pj ►UjOl (I) 
. SilL; ijJlj^Jl 
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jLa^U lovJaJl ^UJI 



■USvuuJI 



=€} 



j^ull «i|<a< 




5^«X« A^aiJaj j./i„3.'| —■■>w.^T 



€3" 



^sd^jl J*J 



4jJb>x4 <LwiJbu JjcJI 




^**^ aj 



Jai-J d~=~ tiJj-Jl v*st^l M^- <y 0=^' ^^ r^y. ( 18 ) JiCi 

/** i^JU- JSCiJl £^jjj . ^-wJl 4-SLi JLp jjjJl J^U- ,y fj^aJl JbuiJ 
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_jLaJI «U*~»J JjJll I OU-jJ jv»ll>u! oJLaj y^S- -yi 0*&j ibLjU 

OL*_»JjI L^vj|j_>. ^j ijSL^Jl A^»^J cjIjJUJI •_>_* ia_JUJLi <. J-ill 

^Utfjlll SJ^ L^JjS" ^yo CjIjJjLU l^» Lv^U- 1]Laj t l$j ^UJl 

uiA^I U yjlj {Jtu t.J ^j ; fcbJL Ellis' j^"j t^L^3lj Sj!^ 

JbJL>Jt 

* 

i+4* iSL^. O^Cjj c n-LJl syrjj Ju^$\x jd\ oljliJl <y JjJl>J! 01 
tiS>-l 5^ ^iL, jjj>«iJj .0^1 ^ dJLJ Uu>- iN^Jl ^J 
oIa CjJui^j iJ^oo" JbJLj L^Uvaj *5iLv„ ui^bi-M Uj -uiL. ajusIj 
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l^aJ tfj^h v^t (H* 4 W_jitj oblJL UL-j ULj JiJ^ JLSl>3i 
•^ 4)1 Jl*Jj j-*WJ ^»^j JbJU- ^L aJ JbJbJI UJ^Ij JauJUL ^bJI 
'U-!5L- JbJbJl »JLi«i-.l aii ^'Mx/* ijj* <M Ol v**^ ^JJ a y^k 

<^ ir ^ AS>C*»\ {J* *j\j& Nj . . <^AjkLi ff\i AJy {jA$\ jS- ULf« 

iSLj^Jl oJIaj t jj^JUJl oXx pLj ^ o?j^\ i/P J-r* t>* (yL>-) **jja*j\ 
Uity LfjiJ -jSUj ^ jd\ a^-jJJI ^1 <jjS t^UJlj JjJjJI -y JLL>- ^j 

pj^SJl OTylJl ^ O^i ^Jlj ^iJi^^Nl Sj-S^Jl JbJrJl vilJL*- ^j 

ipj-Ji oljilj toljL^Jl cjUU-^lI tjyL-Joj 7.20 - 17 + I A - 1 

.iJUJl 

%i *-i~ oljiV *J>«l~uJl k-JuaJl iNjiiJ tJ-Xii^ 7.14 _ 7.11 -2 
f-lj^-l Apl^V ^ iaJlitlA^oJl JuJl>JI i5w>/ ; (*J^ /-2 - /15 -3 

. JO iNjiJ! ^jUJIj h'^j^\ ^lil>Jlj Sj^UJI 

. IjlsoJl) ;l.jUu i£~- c JiCj '/.10-0 + ^j> 7.18 _ 7.12-4 

pLi ^9 p-JJ^j^jj Juili 2JU i*jU» oli i5L*- 1 J5lj 7.4 _ /.2 _ 5 

. oijiUaJl cjlS'_ ; >t< cjUjSC*j j_^j>JI 



.25 SjNI : Ju Jl>Jl s jj- (1) 

.97 *iSl :u^J|5jj^ (2) 

Ir- >r iJlj (.^UtjU ii^jJl tjLi^Jl JU>4 .i -tyL.^1 ^Jt s-^^J ^U^l (3) 
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•jjjju &jj*j <j%& oii ^Lvu cjj^^ y.o.i5 + tjj; 7.1 _6 

jy*j>j SjLmJI j^ojIjjj SjLJI ilj>t-fl ^ ip^Jl iJlP 4pLv» (J /»Jj>«1«J 

iJ^J J*Lw ji i^ji ibjij 7.0.2 + JbJb- '/.63.8 + ^ 7.36 _ 7 

. t ywlj>JJ a^jU« a5L^ t ^ j>£JL-" 7.20 _ 7.15 _ 8 
«^LaJ| ^yj ^l^^-CU il^ny, iSL^ t^jj>- 7.54 + JSLi 7.46 _ 9 

f^j) 1 p-^r j^ <_> tylUlj *Uj)fl ^iJblj ^ycOll ujU^JJ -ulJc^lS' 

Sj-3J1 u^ tj>-l i_^J (JJL*J| lift jZ'i Oij .^^JjJb- -yi /t«U* 

(/ c^^J 1 ^J J* t^oJl £> JjJ>J| ij^-ji .Jj*j>J|j iiJL-UJlj 
LUiP CS" !i|t ljJl*> V^l J\ J&\ cL* ^jJI fOij ^]| i^UJl 
< (3) 4l^ jt Sjl~* IjJ/ Ji)> r k (2) $Jbo>- Ulrf- ^>jj Ujl l-lijj 
SljJ 0j& Ua^p taj^*J| jUJl ^ ^^ <lj ^jU-J -^^ ^Ui^iJ d\S \i\ 
4-^Jl llfc ^-t 4i ^ t( ^J| ^ui ^ ^i L^, ^| c ^_ c ^ya 
^ ^ cr^ uO^ J^ ' VW j? ^j&> & JjJI»JIj _^oJI 61 i *JiJ! 
^ J** l*^ J 3li ^ 0^ t^U^Jl ^.jScJl life ,y oUJl jU ^ 6J ^_ 



.21 iVl :£>Jl!j^ (1) 
.49 iS/l :AjJi\ oj^ (2) 
.50 JuS" :Aj~.V\ijj~, (3) 
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iij^j 01 tft ttfXij aSL-LJj <Gjl! SJb-Jl JLp aJVjOJ JbJbJl *J^x«.| 

^X^l ^iyJl ji^ Uji^jI ^| ^^Jl V| t ^^oJl Ajj L. Jl ilLlI 

?^j ?liliaj ^ij? U* Ul <jJJi\ ji jo Ja : OVl Jlj*Jl 

Ot^Jl U/i ^1 jkLJl diL" J ijtS oU& jl>-j juji>J| 01 
Ji O/O 0! Ul 4*JJ| ^ i_^jJl JbJbJIj 1 •jJ^ill g*L*3 ^ ^^1 
ijjiJt iSL^JI dj£J <«-« O-^J ^^ wis OlS" jl ^UxJl « p-^x^,| 
Jij iSj^\ SjU^Jl y. iilJUl ^j^-jJl JbJb>Jl 61 wLiOuj .Sij^vjl 

•uO>Jl oUU o^ijj" Mj . jjjbJl ^Ijjl ^ tpjj 0j£J "^ t-JLiJl *^a 

: Ji-a ji»LJl oJLa ^ iij^Jl 

iJU oi>! J> ^jJ&\ j~>*l\j il^l £> <S_^~ -jSUj i^JJI cC^ jkiuJl 

S-^J* 1/ J 'H-^l ^JwUJl i^wijj ^jA>J| JLx-lS'l Jlj^i-l ^ji ojl^^l 
'/.4-3 (^ (^^r^u^j ^ jj> JjOp- jA ysjJl wbJl>.j .yjJl JbJ>o i-i^*J 
•jX*j 7.1.5 - 0.2 J^xi L ^>- aJjj^^SCJI i^/jIjJLII L^j Uij>- Olj . tijtjZ 

cJji\ ij) U-^u Jf^lj 4J\l*j 5^3 AJil jAj SVjaJI <u1p jlkj 01 

.(JUJI 



.22 iSn ij Sj_^ (i) 
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J>}> (_$Jl]| jlJI f-\x> ^j i^j^Jl ^^ plJ**^ I ^ j>-\ JUx>-I iJiiAj 

i_ iAV jju "wU-j ijlJJI I^j>-jj> /jSo *J JLp cLL^jj <LoJUii4 ipUv? 

. S jjS'JLJ 1 

dUJi^j (1) 4iJ^ Up y>\ j J ju Ijis <d*>- ii| ^ iy^i jis 

ojl_p«J-l J^vs j^l -Vr ^j^ J~* lS ■r~i '-jL^'y aJUJI olpLwaJl y 

a* J^ ^f^ 2 -^ c^ 1 J-*^ ^LxJl i _>>-jj i^LJl jUl yjj Jj>i 
J*N LIIp ^vj»j (JLu 4)1 01 Vj*^ ^ dDJUj oj^uJl j-UjJlj Sjl^xJ! 

^Ol r^ ^ j-l*^j jIj y ^r* (^y* J-* , j J .) t ^vxuJI IIa y jbJi 
owU Jl>^ 61 ojjJi<u ( _ r J c6L-jNl lj 1^J] JJjJI ,jij&}\ IJLa 6l iJLp- 

dUi jjj-^al) L* *VjJ^J| 4J<Jj ^vciuJl IJLa y> SjiUxll i*Ji*J| ojlyJl 

. jUl oLi^ ^lill il^W y ^L U, ^>Jlj ^JNl j»JL| ^JJI V IU| 



.96SjNI : tji^l Sjj-, (1) 

. 12<.Sl :L-5j>- (2) 

.35 JjVI Ijj**-^! Sjj- (3) 
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Sjl^JL i,^Ji v~>J| L!sUJl jl^il J^ jili pJiJi ^^J| |JU j| 

lift ^ i^ OUJ- <Sll ^ L^ J^^l J^\j . . L^jtoo jJl IL^Jl oJla 
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■(til t-»j-*aj dUiS" <di« Jbj fcj> j] 1JU- *U&I jbJI ji aJLp ^jjiS ^4 U-«j 

j^»j all ^ iJuSCiJ j^bJl *ili U Ulj fli>. yAiJ JUjJl mu JJ^Ulj J>JI 

, (I w 

(j-uUl Uiyj) ijljJl { Jj^\ Jt>U- y JLcuiNl iuLS 1 £^>jJ NJ, SyjiJl 
OjJli ^*4>- wi>-)> Jjill dUii" ^jlI aij t OjS'yuJI Uju«jj UwLp 

,17^1 IJLP^JlSj^ (1) 
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oUl^lj oL-Ul oJaj U^K j\ oUI^ jt oL-LJ ^p Sj lp coils' 
ur^J^lj <J*^Jl W ilfci ^sli j^ 6 LJ| ^ ^ ^j, obL <^ 

•^^jjo^i a^jj u. ^i ^ jt ^ U | ^ JilMa j| ^ ^ 0ljl ^ 

a* ^1 0U UjJ^I .Up JlX i, U5j ^| >U,\j ^jjij ju^l 
.^p1 JaA^I J _^ dx, ^_^| ^.ji JL.Ojl 350 Jk, 6^55 

Sjl^lj J*A^J| J^ o>J c^jil ^j i y - jf ^ j| ^ JjpJ 

V^JI j>wJI J c^Jl f^e, ^ i i j^ a s\ objS^dJ ^Ul 

. • L*J^ «>• ijiill ^k^-j N vU« j*p jj^ &UUI 

. 24 AjSfi : s^aJi ; J>vJ (|) 

.98^1 .♦LiVlij^ (2) 

.6^Sfl IS^Uj^ (3) 

.II iSlI :ipjU)| 5j^ (4) 
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L4J Jj L, (1) <v^ ^^ cM"^ ^ UxJI ^'j^ 1 cr^ o^y*" 
(ObjijJI) OUj£Jl OIJL* j*>Jlj OUNI ^j JU^Jfl oL^ ^ 

Z>j~£ J\ 0U)/l JpJj OL*Jl) vJJJI 0-* l M 1 <y ^^ ^ ^ 
ji^Ij j -woJU . (2) [9V^I :SJb»— Jl Sjj^] ^1 UJ^ jJUJl Jxij ii*. 

^^1 USjU li| IJLa . (3) <0jy*~i jW! J ^ j^^JI ^> 5jlj»JI 
SjJLiJl (Jl (5Jju JIjuA} i«J Oj5o Jjj Sy^Jl iuJxJl A*p-bJl ,y 3/ j^j 

JLp 1.S-J 1^ ^ jU L UJ> J U^j ! JUJI ^JWl ^UJI Jl 

• (4 Vw 

f^Jl o\^j\j lfi\t£j jLcS Aloe Sj^il p\j^]\ ^j i]j>^S t jUJlj OjJ^lS" 



.3 z>y\ : .uJl i^^v. (l) 
U }U2 sa^Vlj jUajVlj £»-JI |*i3 J*vj *»jj (>* <-» j*&j •!>- *i^ (2) 

.72aj.NI Ijilpijj- (3) 
.69*$! ifUVlSj^ (4) 
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fj^Jl ^^Jj oLfUl j^J j^ t L^i ii^p.af ^| ukJl ^ XyyJ! 
i^JI oljUJl y ^iSCl L^xp ^^j U^- ^>J! oUslSGl JSCJ ^I^J! 
l^L U a*^ oLTyi OU-aJl aUS o^j oij . «^pj j^^S/tf l*J 
^ jJj «■ ^>" lt^ 1 ^ (>^ c^l rJ J 15 ^ ^j~* ^j l^J-s^ J 
f J^ 1 jW> ^ <V& ^1 oljUJl Jp. ^^i ^^l, ^^ 
^jkuJ : VUjSU y bj£\ JU* Uj Aj^jJI UaSlI Ails' ^ ^j^iJlj 
: >Jli i ^Ul jUJl iJbh y oUjJI OjSC Ujj : JyJi 
^U^NI oLUp aJ ^ ^ ^S| ^yJi J ^L^JJl diJbo Ujoc 
ojlai. J^j ^3 ^iJl ioj^I ,^1 jJUiaiJ jJtJL JLaL l^J^I 
^W^ tf J^^H u Ji V^ (v-Wi j^U^Jl y iJ^ /■> US') ja.^\\ 
5^ (-1054 f U J^U Ji^jJ JJii t i^ 0^ Oil 5JU. ^^JJI y ij^ 
>J^ J L^ 61S pj»J| IIaj c5«- ^1 j.^1 J-f y tib lit oiS" ^>J 
i^-t ^>dl aJLS Lb aSj . jli^JI ^jUL a^j U j! ^jUJl ot>UJl 

^.J^ 1 a* J^ J' Jj^J ^jO>J| ^ J^Z fj^\ pUJaJl y. 

pUkl i\j UiS tguaJL ajj^i Abjj ^JJ| oUjlI! y 11* yj t (Uj^L!l) 
^iJl ,_^vJl IAa y aLJj t a^-1 6jS3l aU^jJi f^l ^yjj aL^-^I 

V^AJIj ^UJIS O^UJI y V IU| y J^Jlj, ; (1) <J^J^ >U~J! 



.8 LNI I^jUJl Sjj^ (1) 
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^liWVL Ijlj U^j (^j^I IbS" jJi Sy 333000 LpkS) ^J^] 

: IAJI SjjS'uUl ^Jj Sll jlaJl A4>-j j^pOj ^1 (^lj L Jll Jfo 
{JaZ *L-J1 ^jlaj *jjj^ <y>j ijLOl IJU ,i li^UJl LUxJl UyiJ 

ojlaj (5 M^>^ Gi* li|UptdPj ojui jJL*. Jjl uU Ui" ^^iOJ 3>cJ! 
jl dj£JI iU oil* LS"j cAjijUf Jl £^11 j\ S^UNI Jl* Jju iSlI 
\&jo LJ} j^j^Uj LJ JLSi ol>o ^j *UJI Jl (^jiu.1 *i^ UUo *LJl 
^-b ^ v_JL"jU)> cULi JS" UjSCJl A^LgJ OjSL^ 4 (6) < jjiJlt LJl UlS U/ jl 



.9 -JL.S/1 :oUJUj^ (1) 

. 8 01 : o^L-^Jl Sj^ (2) 

.2 01 ijjjSiJIijj-. (3) 

.11 01 ijjjScJIij^-. (4) 

. 104 01 : »Lftl l JJr , (5) 

. 1 1 Aj*i/1 : cJUai ojj-i (6) 

.10 01 :0U-oJl Sjj- (7) 
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The Gravitation 



UM 



^J >■*• W^J (5JUJI *LjJJl • J J! J i! ^UJ| ^ij-Jl p|jj U J) 

The Milky fcl^Jl jl *JU| ^ji S^^) bj_^, 61 tiL. LJJ^J US' 
*j-j!>Uj ^IjSCJIj ^J ^S0| jLjJl *^j disk rji ^s> SjLp (way Galaxy 

J t <US^>- ja^uXJ j*m\ llLk«j jjJl SjJLlI (LSwi ^*jtj jjh fl^ij ya^i iy» 

(J* Sjill pJj> ^J jl f^** - {J* ^ 'ii^w (jJl Sjill ^jJu ^j iojlJL* 
^Ap J^U- y> ijmjZj Ji>-jJ *Aij .The Gravitational Force JLjSUJI Iji 
ojJiiJl J :>j>-j^ ojiil j5Ci jj^iJ d\ Jlp a^UjJI oU-b^x^l -y. 
Zy Ob cUJjJI ^yL^- (^*>- ^l oji ( j^Jj .The black holes *bj^Jl 



.41 ajS/I :>li ijj~. (1) 
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-^o ^jSlI t-^^j . 2.5 X 10' 7 Km J\y- ^1 Vjv? fcu- 26000 ,y LjyiS 
Centaurus »j>c>>j Hydra Ij>*a£ L* a-j^aII Lul^>tJlj ^^ y\ < ^S"i^SCJl 

The (^Jaj«Jl jl j*j^ll V^^^i cr*-"^ iSCw/U^ iiku oUob li^rOj LgJlS" 
jj-^JiJ! <jp JU«Jl iwJL^Jl <j^ \£j>** ,j& ^^> oJLfcj .Great Attractor 

hIa AS JajJi ( _ 5 sJ| ^ iuil^Jl Sjij . "*-3yJ> &** O^JLfl 150 jlJliuj 

-til UjJj>- ^J ^vi^j I. Newton ^"jJ JjUc^l 015" *jj 1665 aIp ^ 
^1 Sjill 01 !LgjJ>-j JUj t^SCi t^jVl ^J\ <£y£j JLi^J i>-Liu ISJj 
US' cA^-liJl ^^Le ^jNl L$kLj ojS iivA>Jl ^ ^ gJ^L t-j£j PjA> 
J£ i_ji>Tj il)j53l J* ^>- JS 1 d)l» . <j/>jS/I <jIp L^iy iaLj A^-lidl 01 
d- 5 ^ ««^ cj* '_«^' V-** &\ ,_5^j IJLaj . ^jj>jJ aJL5 U IJLa d^l *-~^- 

^ Uj-jL* dj& IfhS jSj ^jSfl j^>o- jSS \j£ci . LpJa^u JLp *_~>- 
us^ j$ W- 4 ^ <^ *(-£/^l i£jI~»j U^l. JS" C(>^>-Uj" JUj t SjJ*Jl 
: iJbdl SjjvaJLj 4-JjJj~Jl «-jd>Jl oy -jp ^^cdl (^S^j 



F = G -n^ 
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u~*Lm)I c*jLj Jj> <J*b y»j j$3 G t«Jj>Jl L»l (t^l«) r UjlJJLo <iiL~o l-»-g."-o 

6.67 X 10- 1 ' N.m 2 /Kg 2 ja ojIjUL. 01 JU jiJlj 

._.. O-- — > *- — O 

X- — • Y»- * 



ni2 



oUjL <3xiT aJUj F ^yt tJ'W S j>aj mi 4j>-Uxll i_jJL>«j im 4>-UxJl 01 
ySj mi al>Jb 'UjtU -F ^ ^J^r « j>i; m2 is-LkJl >_jJi>«j ijj>-^i\j 
Action - Reaction l j*Jd\ ij - J*^Jl rjj />Usu <u**J UliaJ OtA-CiJ ^j-jjaII 

. U-Aj|jtA*J jVXijLmI^j L»^Ab>«ju ( Vl*»5'ljCU -Fj F Oujjul bj£> <£ 

jl JUUJI oUt^l 6j£s>> ji iL«> "b-*^ a* F v_**a)Uj Jj oil jV^-j Jlp 
jlJLi. -^. iipLvi. ciUyil Jibtw. s-jJl^JI iy 01 j^oo iiJJii mim2/r 2 
^jVl J I ^L-sr^l JS" Aii~J Of Jit ti^Ji IJLaj mim2/r 2 i_~-Lill 
jl ,j-^>- *-• F c*~-«Uj J : iJlill i^sf Jl Ul . . j*£ J^ij l+i /» Jik*ajj 
1^ Jiu- SjjS'JlJI ojill Ol Jl ^ijb- ^-i» mim2/r 2 jlJLiJl ysi- 
(^1 cLjip lJUu jAzi cilS" jSCij (j^jSlI ^p *U>-Sll JucJ 0^ Jl (5^3^ 

J2& oliL~» Lj|j ,j/»J jII fJa-^ J-P CjliLw* *JaA» ^1 diJ|i j*jJJ UjLlP dL'l 
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(y&>) (j^j^l U>Jp-I c tjz*^- r-jj {f> {"UiJl .3 y>-j J?- (jJj-J jl 
LjlkS d)tSj *-~>Jl liUi tjJb>J ^jSlI (l)^i lp*k- JU j^^>- (^f ^yliJlj 

<!)! Ls^jXil _^1 i(ji* jjLS 6400 AJLv« Ojvj (^Ul) IajS^ ^y l^LS SjS'j^u 

- o^j jO /»UaJI li* Q* 7^jj ^j oil £j* fj\ J£*j <pUJi U.,5: w ,4 

- 1 x 10" 25 ro/S 2 Jl^ ojlJJL. J^>^u <*-~>Jl 

*L^>- ji {ja iiaJL«*JI iwjJbjJI iji jl h_jJL>J| iJ^ 1 i**S j j -/■■'•J 
ioSUJl bjjti li*J» IS], 5JUJI <JiiL" ^i itij^w y> US' LjL-iu lf>Ja«. 

:J5LiJLFs^tJl0j£u- 



M™, 



F = G p. 



^jSlI *JbS ^ M ^ 

I»jlJl OU t (Ills' c^*- ^Sf |_y>- U»jJLa (_$^^l ikS3l cJalx jJj 

The ^iUJl Jj*uJ ^^j Jj^o ^jSlI jS> U»oL <l)jSlw< 
. (a B j^jJL *i y>j^») . Gravitational Acceleration 
^jLJ ly}\ i)| ^ iJUJl oJU Jlp ^IsJI ^JjJ O^jlS \xaA> lijj 
S^iJ! a I* **J (jAljW ^j . F = ma, : ^1 ^j^l J->«*JI ^^ iixSOl 
^jSfl J~*wdl i*J ^ ii^U b jJ OjSiu- .aU5I i^JbyJl <bU« J> F 
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: U^J^ £^ if p-"^' f^Jj 



a,,. 



GM 



ti'^Usu^i lioljl lii VUaAJI V^Lr^'j f 1 "*^ 1 JS" 0^ cjik^ f^l 

L>cjjJJ l y>ji\ j* lJu*i 'j'-*-" ^"^ U^ vaA" *^W«^ ^ iiLSCUlj 
jjfc IjL^i Jb»-u LftJju (yij i\ "S y> jA & 'py *>j (^j-M jlXvJl >A>-u ,J!>- 
*cjjIj^> i3^Us>l •_>») l5 Jl>-IJl1I <dbuj axpj^i Oilj LlSj ^j jII jL~« jj-Jj 
ob>tjlj L_jJb»Jl oji t J-P (_yJaXJ AjjS'yJl oijUaJI SU-«-^JI ojill ilijl (La^sPj 
. . «<Lsij j I ijjil^Jl 5ji CLvA>cvtf> ii OjSvj l ^>") ^UaiJl ^ (jllaxl c jS"j^Jl 



tj^JI ijUIII J>~>] UlwJI jLM ^jjj y^lill ^Ibjlll «. 



a 



■m/s' 



9.83 

9.81 

9.8 

9.68 

9.53 

8.7 

0.225 

.0.0027 



Km.^U^l 




5 

10 

50 

100 

400 

35700 

380000 
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i5j3^Uj1 jl ^JiljJl ~^>Ai L^jJb IaJsIU ^J> (j^J^I ftk~u 01-1 

i (12) JiCiJl J LS IfpUJ^ ^Jk^i ^>jS\ ii\iS Ols dUJiSj caJ^ 
^UJali* UJI . (UL. ^ its' US') Ij/ ^ ^j^| JO 01 _ 2 

0^1 ,> WI^II ikiJl 01 cil (1^ yLS t 21 Jly- ^1 ^ ^ 

abj«- g >JI ^m>JI Jsji-i J->ou- 01 Jjiil j^SUj dUJLj . *U^| 
ISJ Stf> iS_^i .i* Jp ^JjsJ ^> 5j j [^ ojl lij NJ ^^iJl ^j 

^ us o ^ji j± -^ji ^ rA Uf j^, ^| o)^ d tr* j»}i\ cJ> 

0* cM^ 1 ^j^Jl IajjP^ Jjs- OljjJdl ^ ^j^l Oljji 

oijj^ y i^jSli £]»*, ,> ikai U oijj^j ^j^Jij JUAli ^Jaili 

i^l i L>~AJ ^jMl ;S r y, 4 js>j jjSJJI OljjJlll jj>«J v^JL ^b 
J-^dl II* j ^jSfl jSy. oU;L \ySjA %>*u diUxv, ikaJl oJLa 01 



.21 i,Ml Cj^iJl Sj_^ (1) 
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IJs- ( _Jji JUJo«j ljL~« JL>-U L\iU t*iJU iftji ^y. iijii cJJi 01 

oJlA i^ijSII mJxu- i Js- iJtt JaJL-^J ciAjJLiJl i_iJL» SjjIj L*Lxl IfX* ti*\j& 

Ui Jiill fb^Jl 01 L^^iil ISJ L.I . cijyw j> l*S 45° ij jt^Jl ^ (3!)U9!>U 

«Lilj JL*j J ./a") a «^jaJI /j-« iijJL* Jjllaj «i.X* A*^» Jlp ,L>- UjAj 
l»_yLj ikdj j^P £Ujh iiLw* Jbw j^Jl C UaiJl ^ JxIL-j Ol ^1 i£*$i 

Free - 1^>- U»jJL* iaiLJl *-~>«Jl J-J dr* *&J**d\ 4«L~Jl oJLa tb iijJUJl 

cJ\S jd\ oL~*ll AjjLwi cJlS" lij, ci-^jSfl A^iUJl j-Ju <-~*^ Fall 

. (lfl_p- t^l) ^jbU /u^ 1^1 ^^ iijp^i— iL lill OU a aJLaJI ^ L4JLP 

The Gravitation's Effect: : luiUJl Ju 
aco clJlJl ^y ab 4*L~Jl i_jL»xJ JjUJI JllJl UJbH j] 
• (<jA; * ' tjj** ^-^j) ao = oc = 6400 Km 

. jSi US' SJL>-lj aJIj b ^1 a ^ iibJUJl oJai qjJUl ^jJl OlS" ji 

'. «iJUJl iftji -^ 4jL JLSJl <j!Ai>)f ij^IlxJl ip^-Jl i_i^*Lw JJJLLP 
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be = 5m 61 Uj 

5 
x / -joOO + 6400Km = ob d)i| 

v / 
- , .^ \i JS 6400.005 = ob Oil 

2 (6400)_ 2 (6400.005) = 2 (ab) 

aIaj <.2Ju1a}\ L^lvsu ^1 yL«Jl j! (j^UaNl iiL^a ^j J^ 8 = ab Dij. 

. L^>Jx^ 

^ U^i (jjj ^»i; a^j^ 1 ^W 01 Jw-}k JliJl IJLa J^U- ^ 

. />Lw>- Nl *Sj>- 

^L- ^ U*p |»3300j ^UJjI ^A J ol^.jLS' S^Lp jjUo" V 
2 tt/f9.8 _^j OU-Vl p\ ^ f o> l i_J| jljiiJl ^ ^j t *l}/ f 9.813 
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99.5 Dj, ^JJI p-^Jl 01 5bi iiJ t6j J«J| jup ^ jit f |^| j^ j^ 

• (t-^100 ^-Ja5Jl Xj> Oj^. *lj^Vl Ja>- Olp ^AS" 

^Ij^NI Ja^ iip Ja; oiUJl Sy 01 J^ U^i L J^U- ^j dUJU 
jla^ ^ ^t *-ljs-.Vl ^x*"*^ j,Ji\ j\x. 01 ^ i^jS/l Olj -p 

JU, ^ ^itj ,V> L*L J,> (1) <^ v u>ji e-r , ^ <ui^J ^ 
^1 L|il>! ^ i+^fcj ^jVl ^Li lit Oj^„ *il ^mJI (^JLp 

^ ^ OliUJ Uij ^S/l J* ^iJi ^ ^ ^UUUJT clJU ID 

JSt OjS^ L,^ OU iJUJl I^p^ ^ ^f ^Sfi ip^, 03 |j J 
ipj- cii jJj . JDIj jl^Jl cJj ^^, jsCu j]\ <*L, 24 -^ "Lj 
. . ^U 24 ^ "L-J ^ OA- ^ji 0^ VUJl l*^, ^ JSt ^S/i 
UkJl d^ ^1 ^j_, ^ j^]| ^^ j^| ^j^ji ^ ^j 



.41 i;Vl :aj>^ls JJH , (|) 
.44 01 i^uVlSjj- (2) 
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UU! ^IjSOl OV Lj>A^SjSJ\ r ^}\ JU ^p yjyM yu~k ^Lh" 
Ja^jJl y ^-UxJNl <- t y>J^\ W^ o"^ ^ (Wj^-oJl j>J^> ^b±x^iL) 
OU yM ^y" jJa* y> oi'y" yjJ lJ^^ lyiJj < yJa^J! -^ 0U"l!lj 
L*J tJJbicj" cU.Jaj Ja>-j <tfly~M Ja>- (_s^alx. yj *^>Jl Ojj y (jyJl 
ljJ^s> ASljluxl Ja^ JlIp jv^>Jl Ojj .015" lij Mi* y-j <-yV" L5^ ' ^^ 

. <ytxi . .^ 1 1 J yMy- 4~Jai JU* 0y>-> toUy-jLS' 

t^ajJl 1 j,i,A<u .it* OjJu/iJI />L*>-i/l t-JiU-J ay 01 j-*> t--Mj>JI 

'. l srt^fiy JtU . (.IjJ 1*5) . Ii>- 4jLL/> 

d)L)JL?xX**j <■ LaS. . . ^ . " -; y y y> <sLw« .JIp liliiJL/'j C-Jl cuiij J 
y 0.01 y- A2j <Jt-ww>o |J>- iLlLvS i_>Sl>*lll lijb Sy /yj lyixJl LwSwijo 
(j-jiij liiliS" tiLd^j yj liJjLX/j i_ji>ej diJl y*j IJlaj . aI^JiJL<J| 
i_Jl1pJI iji (J~*j <jAj^J '■i^ds yj L« illSvi>-i/l oji iy-j /yJ ceyJI 
y L*L~>- Uly> «^ai SyJl olfc Ji« l^J ib-^lj 01 Oijl lijj co^jS'JUl 
t^jLo ^ill OjjJl jlJJL. dLy) ^-^^ yll yjljJl y ,_y<JLJl iiy^ 
!}j^ of Ibjl ISU . i^jSlI *i^~" ^ ^Jr*"^ f L^ 1 u* 0.00001 LyJ 
6 Jj>j ^ »JI Ojj (j-^>- y Jil °y JaiwJ 01 <~-*>-j '^u*-* o^-^ l)^ 

^SUfJl J*j ^a*o lit. ^jMl jcL- Jlp iil£>^l y_^ jj jj 
cs^" li ~^ S J>^JL 0j£ ill&^Nl Sy 01 IdS JuJ WlJLs- Ujji u-oJb" 

y y*^>Jl L-jyll U^ Ijji oiUJl 5y ^J^, j^ldU ^j^l «Jx^ 
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^ ^^ ^cH 1 ^ ^^Jl p. oajU U*lxh* o^- -^^ 
0=*~>J! ^ oL^JI OjSC" Ua^ L^jjOJ pi jv>!)bJl !Ju ^ 

^ j-SL. J^ij (Lli US') .u*j t <uiUJ| - y oi J^^j ^ 

C v-^" <> "jail cdb >SU LxU ^^ ^jlui ^^^jji ^jbs- 

U^ JliL-Jl ^ ^ ^tej U> U.L- -^^^Jl ^ Vjvi j^U- 

If K 

• • ^^"^ ^^ (Lh*u Jvau ^ ^5-- — « Ja>- JLp) 

oii s^i Syu-Ji f i^Mi cji^ jj oi ^ o^j ^jui ^i oi 

<J3 cJ^J\ dj&\ J u-^uJl jU^^I Ijl^ sytauJl tibial jxsai 
o*J ^1 ol^L SU^JI silb ^ ifUU ^UjlJO. ^ Uj ?U^S 0y£ 
^ j^a ^J^ ^U. c^f] ^^.j, ^ ^ ^^j, o|yLp ^ 

^ aSfi ^ ^.w r - L .U 1^1 ly-s"! -^J .^ 01 JJ^ 

^ .ij^ fc- bjA* 820 0^ cJjSi (R. D - 1) lj^ y,j 0^31 
i*s* ^ ^.J ic)jS3l -oVj Jl ^f ^JJl The Big Bang ^JiJl jU^I 
S-VJI s^l oi* ^ iL-^Ji 5j>s Ju Ljjs Li /jJLS" 300000 Ob* ^1 
. [fc- 0^ 820 jjUc, V O^JI ^ 0LS- L. ^ ^_^1| ^ ^ u^- 
cU>- i^^^ <J 0y£ ^Ul ^\ J| 5 ^ OjSol. s^Ul oJLa 01 ^kJL 
4341 ^ p\ iiU. bp ^_ ^jU| 0jX j ^ W , ^^ ^ ^ j^ ^ 

^.jVl v i>o ^SjSGl |0» tr ls- OjX 1408 ^ p\ ^L^ ^j^.MJ 
t-ij OjXJ ^ ^U 01 Jl jsXl g 108 x 10 12 a, Jl^ UjlJi. S^ 
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(1) -!j^p 



-» ^jVl Ijiajjj <l)l Ij^ljlj ^L» dl~*j 'V./*^ ji* *Sri^^' J^r*" 

. (»5 oJaS *JL> 1*>*vS> IoVjjS \Sjj>£- LXjuU 61 ( j/>jldJj t^^uMiJI Uj>- 
Vl *iaAo V ij^jJl IJLa 61 <±~>- 2 /»20 ^jLj" }jajA\ IJU *JaI« k~lw»j 
y JCUj Jj^jJI IJU Olj liUiS" jfijidj *jl> 2 X 10 6 UjlJul* iji jSii, 
iJlP Ai~^> 0lS j^S - jjvaj <U*4~rf b>j& CjIJUL ^^jJtJl ^yll L ye>jy\ 

o* £JJ*^ <y o^j^ £*»J U^r^J ^ aIjU-JI 6jL>Jl SJu*Vl 
Iipjj jJj (■sj*-* OjJu OjJia (^1) ij^p 1 x 10 12 (_y5l p-b>w>i TUjIju 

j^P ^j^JLlJ JjUuJI A^ jVI e^Sul i—AvSU (_ylp <UJa£U ojjvi; BJU-P jl «JLa 
■Jj^jJI ^k» "jP ">Ui VJ. ^J_p N j>-lj ij^P ■jjj Jvaij (jjl AJl^Jl 61 
AjiVjill oJU^Vl AJli 1 *k3j iaj^Ul ijii\ jys£ Lxkl^l liji . C^lJUlj 

JiLuJl k-jibfdLl ajjUJI aJjUI Sj^l tf- ij& ^j£j [x£iS ljjSU\ 
jLvo JjxxJ !aJU JS 1 ^ jj-t 3 jlJi«j ^JivSllUjlJL. ^Lw* ■y. ._s__^j 



.41 Vi\ :>Us J> M. (1) 
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jJu olj^J! jU)> ! ! !J,fei aJU J* J jJL. 3 JjjUj ^jMl c >-jd 

*?* J* 0- 4 Us* ^J j^i J*J ot ,^-bj j^jVl <y jfij l^ijjj jup 

• (l) V./ £jj J* ^ Ifei UaJti JL. ,UJ| ->. bJ^ilj 

j.Uii; Uxijj L^iw*il ^L^S/I JS" ^ Jilxi <jj| l^>j Aij . If* jj&~3 
U ^ ji-i <iil 2>t >" jjt^ i«>li 5^^411,^ . cp JL^" Ol -^Cu N 

. (2) ^ ^j$J j*U\i 4l Oi ^k **1 

ajI^j <dS" jjUJl ^jv»t j^ tSjJ^lj iUJjJI l4^JUJJ JbljsJI rj^-^l 

^j'MJ iijy^Jl ^IjiJI dJL* -y> u-ii&U N L^Oi ^ jjjbj ^jNl SiU 

. . cLDi tji'j <UjiLs>-j <S" y>- ,'y" 

I (!>l!U) ^IjiJl ftJlA {y 

. Elliptical (j^jS/l jlX« <uJLi oj|j^ JiCJi_ 1 

. Lj /*K8 ^jM I APj— qJ)J ^ HZj^ _ 2 

. iolS/I :^uaJs JJh - (l) 
.65 V)}\ ; 2^JI !j^ (2) 
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j\ i j_S^_Jl ot>U>-!] (e) Eccentricity tjA-* ^ L_jj iij-so ^jJI 

^jlsud i_jil>Jl (Jl 4>*^ *i.i 5^jij-*s> OtAia^J l^SPj** oiU j _ 2 

JLp U^pLJ jJI) c-sjS^I i^kJl I J Oj-&J dUij ^USII jjl Ui:> a-5^JI 
^i aJl>-Ijl5! Lftjjauwj o^Nl ^^ (Jl U^>^j ^-> ^rj^ - 4 
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y U^ DljjaJL i>-b Of J\ -u-Lmu Tjlj jIju J If*, jjju" jt Lfxp^ jy 
JW^> 0* J2j c5^' r^l ^^r Jl*»— J>-J>J Lfxp^r- ,>• lJ**j *J j^ill 
• £H>^j ^j*—i *>^ ^ J^j" Of Ji\ . cj\ja c~~j ,_^j*yi l_jJl>- 
^031 J»l> ^jMl Jl Jj^JL) ^UJI ^sJl ^ J^j sajJI -j^j 
^1 j ^^o-ill ^.j ^yJl Jp ^ja-l p l^jjy .Up jJu c^I^^-J! *ij 
^ ,UL j^Lj ol/Sl! J-^L yVl jLx> ^ ^V ^ J* 
0^ ^Ijj j^jSl! J jUl, lijjj .up jJu ol^JI jJU> * 0) <fojs3ji 

^.a, (j^S/i ^sl^ji jpj Lr ^ui ju ^jSn ifkLj iJiiJij 

^Jj jf >j^ *k> J5^JI lif. jjj; ^Ml jl; dUJLJ t s^i . If, ^^sCJi 
^-jj OjJU) dUi y o^j i^U SjS If. cjJ\ lil ^! Lf Ijji J 
5^5 «Op jj jj p U W>j Jp ju </L. jl i^ ^ J5T : JjSli 

. (tiL. U/i US') . (aiIU- -y _pii Z^ji*- 

<J^ Cfj? by^ <yj i0bjL»i4 •^jjj^s'lJi -jjjiJ! ot "ULp 
0U Lr ^-iJl J ^jbU JUJI ^l J *j| ^f (IfLs-u- x iirSO! = s^iJl) 
Jj^odl Oj^j lfx~>- ■ WL*uu x ^^JiJI aJ^S" = LfL^j x ^jS/l UxS 
. Obuki^. jj^SOl 0^ aAiSOI *. i^^p Sjj^aj "L-b^. 

.2 l.S/1 IJIp^JISj^ (1) 

.10 iS/l lOUiJij^u (2) 
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m&w 



The Duality of Matter! 



ti\ {£+* V JL»l& <.J^\z ^Uii _ Ui> L*_ ilb* t l^Ju> ^j ^j^i 

U«jjIj oyljiJl jL^NL U <up i_AJLS3l j»j Ji3j Jil£J| II* Oji _,,,: j 

**^^» 0=^ j^ ^^1 i-.ljJdl ^ ^JU! fO&Jl ^yJU! i_AJ^3b Ulj 
jU aJj The Duality System ^>-!jijNl *\& aJLp jiU U ^ *lkJ| Id* 
<aJ jJ( b^lji J^U- ^ j i aIJI jjp j! L>J| s aUI y %\y* &i\ -^Jl <ul 
Ji*ij^U*J^l cOUJU UJi»J| ^ y> ^ jj&j ^JUI jJLJl ^ aj| Ui^^ 
Macroscopic liujSL-j/Ul L4JU jiJaJ iffy JtfpcJl ^j*- 11 (»L— =r^( 
oUj^JL (!j~«j"j I^Jivaj" lfc*-J) Vj^l •** fl~>-Nl JjUj j^o JUj 
(JUJI 11a fUai Jp jlki Elementary Particles SJjSl! j! UJjJl 
jJj 1 Ij^JI ^^JLj "VI ^ V ^jJl ^1 Microscopic ( _ siJ 5L. J _ / SC ; Jlj 



.49 l.'ill :oL,j|JUl Sj^ (1) 
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^Jly J l_^.jj 6jj£^!AS3l ,UU| <j ^ jjSlI ,JUJI il 
f^ ^Tj Jj^j t dUi J| Uj ljjUxJI ^ U^xaU L^b o^iL^j 
c/ f^"j f>Jl jJUI 1^ ^ji ^ (1727 - 1642) ^jjj JU^j ^JUJI 

Jl <iU| (j,L, <Qj=y> J «^iJ| «uJ|^ U/i jiiJ) iL^SlI oSUJ! 

^-*ij*tt V tfyj * lSjhJ'j ^Ij^l jJIp j^ * J W| 3^^ ^ Wl ^ 

: Vrb^l J* &Sll ^ eilJIj v^lj 

°J^I jr^ o^ ULr* W?" \&Ji£ (j^-^^l a^>r dr* °>^ l)jScj 
- 5| ^ <>• £J*y ^1 ^>rJD tJjJj^l 4 La SljJl J^bj ! J^Jl 31s l*J 

yj ' ^jjj jjJi v»-^ ^(^) p J^uji iu ^ ((ij^ Jjpj) ajjjJ 
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^j*-" \-gS-j*j> t <b j jj CJXj>xJ oJLxj jJ-*aj <JJjJ Ajoil) .LolS ixJiV 

Ji^*jj c Anti - matter SaUl JbJU* <u*~J U ^1 SjUL <U^Jj 

^ t|i iSy^ UjhIjj>-I L^Lo SijjJaj -jSGj OLdiUxo ajjJJIj Vk^ 
4i>^iJl <*>-y> ^y- S^lJJl LjJLjj_ ; xSOIj iJLi LffljJ O^SC" e^LJl JbJUi» 
sL>- OLilj U-fil ^1 LIS'kJM fJ Ju pzj (UjjJUtfj 2.1UI) IxJLUj lilj 

^-f^l 2/^J C *?*J' (>• t/^' &*ht 19 V^l fj^i "jj- <J ^ *^j^3I 

<y Louis de Broglie Jj^ ^ ^y)\ J^i}^\ pJUl -jSU: JLiJ 
■y> ljLs> fj^aJl 01 «ujU^j ui^Sl di^- (.jjA\ ^aU Jj^ fl^l rt-«>. 
lyL U-UxJ oyii cuijjl Jij ioU-y LfSiljj pUaaJI ^ lSj>*£ oLm> 
SiUI <y ^> JS" 01 J>„ ^ duJL>Jl pJuJl ^ JiT ^ LLLku 
W^ £^"jj ■^■ij^ ^jj^l JUJl oj&lll JUl jij t i>-j^j 0ji2j 

cK o^ <<*•.>• - f~~*r) Vrb^l ^ ^i ^^viJl d\i dDJU . 1501 

• w ibj/x j^a*j ^jj uiu- ^ 



,49 ajNI :oLjlJLII 2 JJH , (1) 
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dlUll ^1 ol *J1 L^jti)> :(jt% jZA]\) 6UNI ci^l olS/l 
Or* 1 O^J J* i>* U^ ^-^ jj&l jlij Ij>I *U- liji L*.^ UipL 

ji^-j so^lj ^ ^ ( ^1>- ^JLJI ^j l^ail ^U! y b> c (1) ^y^u, 
a* a>Uf ^iJI 4l l>-|j fUj 1^ Vj U^u i,j [^jy [^ 

* o>i k«t SU^ ci^. UCjaj UJU l«Jl ( yLJ l^jj l^ J^j 

i>* £jjJl J^ «Jj>- ^ cjLjT cLJijj jjj . OUV! jU J -Ljj-IjajNI 
^Ijj Ifi lUJlj UlbXi ^jSllj^ . . ^ JSj ollLJlj oUI_^>J| 



.27 : 5jS/1 :Dj>x.>JI 2j^ (1) 

. 1 V^ll : *LJ| ij^ (2) 

.189* VI UI^S/l:-^ (3) 

.6 Vi\ : r _jil s^^ (4) 

.45 Vi\ ij^Jl Sj^ (5) 

•7 Vi/| Ij 2jjr«- (6) 

.52Vi\ I-y^-jJlSj^ (7) 



164 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Sj>LjJi L^J JU S^So O^JLi ajK #Jii olj^u sjUj dUi Jjoj . . oUjJUJl 

42-jXidlj JLJbxLl ^L-Jlj iiijuJl jj^j!*}\ J\ji Jj3- ^^JU^-UJl 

Ui>Jl ^ JoJ Oxl j pJ^Jl ^jl^uJ ^f c(_ol£II jl ^IjJU wJb 
The Duality ^Lill ^ IkJl JL^, .IkJl I Jla . . lf.jip JLp JjlJ ^^Jlj 
cjL^UJI 4jA»oI ja />UaJl Ijjbj ijSCJl j] OjiJtJl -jji) f-y y^j System 
hkj^J ^L^ji^Jl JS 1 io^-^j" *£! Ljj ^1 5JJJ1 ^Lil ij\ ZJjj&]^\ 
j* 5~«-* Ml SjJL ^ iL-j aJJ l$j| *j>jjj . U Jjx*j$ J^ta If* I .a>*^Ij 

v-i>Ji o^i ,u vii^Ji jM' J 'yiiitii <^i ^iijla ^ 

ENIAC The Electronic Numerical Integrator iijj*^J\ i^UJl cJj •>. 
oLo,UJl Jl (Jj^VI ^ajJI J^LSUJIj JviUJl and Calculator 
t^L^Jl t^JaJl :sLJ| ^L. Js" J oVl i-J^L^Jlj itjutJl 

• • ^jtfJ f jA*^ ^ jr^J k>~LJl lipljjJl 



.CojSCJI . 231 iJuJl Ol^j j.!}LJl JL*. 
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(5AJIJu>)UJUU*jip 

SiL) £yt i_a)J>» Oj^ll 01 SJijLJl OjyLlI *-UIp ■>• Ojj-i-xJl JlSxpI JJLl 
J5L1 Jl J^w ,j^ J j>*j y^*' (_f* UjIj *lii jj jjis*- L$J (K*J <L»5ul oil 
01 i^l tP-bitAJl Njl f-UJI jl JiAxJl 6jili aAp jlU O^UJI IJla ty-T 

,~<JUJl jJauJl IJL* J>\ jSj , . *j>-frA Cr-'^y o*J Jj>tJl aJL^p ^ jlj /j Ml 

jL>*j| jlSCsl JiU AI>cJl ioLJl jl&Vl ^ JuJuJl *_^i>j J OjJlill iJL* ^iij 
j^A Oj>Jl "Uj^ji < Sr-*- p (_y* jv"Lwi Jl 01 (Jl IjJlH^I- Jl3j Uj^j-Pj ( w«S'jLij 

aij>-yj\ L^lLu J_p*i!l ill ja Oj£M 01? j <ui (jiUj V ti^^ fjs\j> ^fUul 

rt-JUil a5CL*J i^JDl ^xL^-Nl OlSj . j-JUI j^xJ lie- Jviiil JS" UyO flX* (jAj 

Ua>- IaJJjL f\j "wo (V-f^»i ipLaJIj (jiiJl iJU*» (Ji (\jj^-<Jl *y> »^5Jl 
. . JUu 0L«J jI Js>Ljju JpjiX^JI (jJalaJI ^ox^o /y> *-^Jw«j 

i-^uLJl ojjj-^aJlj VI UsLipI ii»Ji>«j V iJup y Jj>>^Jl aJup •_,£! 

l _ r J (J\ tihSOl! tiiJb^ jJu y> AiUaJl J 70UI jJodl 01 liilJu JUaS UJl 

4JI jJj iSLU Jl fj>Jl IJi* J_p«j UJl . ik£)l ,y f_y>- ^ jLjJJI <^l iiU* 

siikJi ji tiik. iksai j^ j_p^" of (oni j>j ji^i jp) oiCNi ^j 

l^^jiS" <JiL«uJl aJL* cu«JbxX^I JiSj . .(La U^JU JUx-« V) S^p ^L^ 

OIj li| U <LS ye* Lu /j^*j ^jJuJUl SJiLjca (jJaX/i f»|JL>tUAiuj lJJla Cju jJ 
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Ji^) Jj>^Jl LUp Jl 2SjL*}\ oL.S/l ^ j-iS" ^ f^sai v b£Jl jLil 
,>aa U Uip as *jl*j ^j dUi tly GTj bi. lijty (ihs^l j\ SiUl 



.4-3 iS/l :oSjj- (I) 

.55SjVI IaJpSj^ (2) 

■59VVI : f UMlij^ (3) 
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The Relativity Theory 4**^ | U )U| 



cA> </lj» tf J« 4^1 >il ^ Vj JU ^ <us-j b'lij ^ r *u. 

■ i2) ic**yu <# ulj djuj cj djuu^, jis jut uu* bu£ ^^ ^ 

cJi^ JU~x, ^^J* ^Ij ^ Uj|j qj c^, ^ ^_j| ^^j| OJ jj ^ 
01 >i~ (»aiu ^Lj <_yJp jit} y» 4*«J| aj_^J| o*^j ailj 



.187^1 :.JIy>Nl oj_^ (1) 
. 143 aj.N1 :eily^l Sj_^ (2) 
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ti^-wJl <ijkj\ *j-JJ Jl Oil jjdl ^* Sjj^aJ! 61" ' Jjij j^i Einstein 

^JaiUJ jj ^Illj i^jJiJl JL^kJl ^i ,yl£]| ^Ijl ^UxJl -y> SUis 

U>LJl Jl SJjJjJl AjJaJl oji (i>JJ .AISCmJI (Jjkl! JSo Alo ^yiUxJl 

. A(UJi iJJal* ^jy /»|Jbl^^l £« JSliJl oJLfc Lfj cJ>- ^1 5ijJ|j 

JajjJI tj j>cj l^JU* ^^iwj j^-ji-i lixS3 jjjjJi f-jjjUU iijy^ i_jL*u^ 

. . ( *-£>J! /ill cjU £. uj^Jl p^Jl 

J p-j-aII AP^x OjJ ,y> iVfs li)^ JplAxr JLp JJ£~J 4j^JiJi ojLA 

. ioiUJl JU*. J ^ [*XS- fjj>}\ ^UAJ Jva^ ^Ul ol^xj^lj OjOl 

_ Ol»jJl) -u-jI j>-\ wUj *yUj OL-vJl iU^Jj Ol»JI JL^J J| SiLys'l 

. (OliCjJl *-fsA>u -u^-jj Space - Time OlSUl 

Uf« Ij-^P (v^vaJl ip_^ OjJ ^^jXxji : Jj^l <iJ>JJ L^il Uli 

^jvmJI ip^Jl UjLiPl LJl Jj_^aJ| L^JLp oju^I ^J| ^bJl •- 
Jl bbjj ip^J! .1* -y, ^ ap^ il^ of (*— =r ^ ^Uj N jjJI 
^^V i/4* <-U& 1^*^ ^Jl «*«!» j-U-t Jlp P^siJl aS>. 2^ 
UAui U/J^ 186000 jl Ljb* U/^300000 ap^w f-l^l ^ jj^" 

c^ o^ 1 W ^ ^1 ^j- Ji j^u" ol ji ^ u^ dbj; 

J^ aI^S! c^* -^ ^ l«J OL^I ^ 01 v^Jlj . e |y of OU^I 
N ^jJl OUVI Oil 01 (^) tiL, U>i JLAA 4 oiU ^J| ^.^1 t U 
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f ^j . IS /U<i 20000 & JA j\ li /iJLi 20 dj> L>, ^ ol ^J 
N *~-j >J± J^ ^o^ ^iJ| J^UJI ^jdj ,__, ^ ^, ^ 

^| ^ ^ ^ Jtfj <uJip ^ ^ oVssill o,!y UJU ^ jU. Jjj 
•>* 'Is** %> ' (1) «*ylUI JbJui &j 4l Jul ^ 0jy - y U ^| 
V «u>-UJ Ayu ij jUJI ^ U* ij ^i ^u ij^ ^jui ^ «! ^ ^ 

U*J! JS of ^j oU^I ^ cy, V ^J ^j| j| i^ ^jui ^^j, 
j-Jl <j^" 01 J~>*^~Jl ^y OjSL- dUJU JiJltJl ^ ^ Jjf j^j v 
U^ ,1^)1 r j!>Ul cJ^Jl oM ,,^1 ^ ^ ^t Sp^ ^ u^ 



.48^1 rJUsVloj^ (I) 
.40 iV! iSijdlSjj^ (2) 
.55 SjVI :5^HJI »j_j-- (3) 
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•^ c c ^jijilSOl *l_yr dJUij ■ Ijytf ^JJI ujipj UjjJ jj li^r Jj^lj 

tl)| -j^jJlI {j£Uj Mi tiUJU t*j*aJl 4PJ*" (jyt **J^ js*~i L* ^il (ji>- 

Jl ii jy «JI l^JljS ^ saUI ^ J^ c5j>- ^ Oj>& ^ tWji 

yUl ^1 i^-JL j4* p-jjii\ l^j^ oyZ j\ ijj^ **j>~i ^j>^i ^r 
Ji*j iijxi" jjljpj olijU^j oL5lS" ij^j ^ cflli ^ V ^ . ^ 

^Ul> t (4 ^0j^ Vd&Jf^^l vrO*t O^J^ ' (3) <J^ ^ ** W 
Ja j^aJI A*rjl3 ojlii ^ j**-^l jl>- ^ iSy ^ ^M» ol j*— £~- ji>- 

yoj L-U. ^1 dUj .-Jfcj ^j* ^1 ^fjl pi *j>3 ^ ^y" 

ti*J>*i*~Jl jjU^Jl ti^x>-L; >-ib>«j ^^^J La ^jJl 01 qp . LgJ JaLuJI 
^11 ojjJj (5*Jj I^Aj . . . aJI Jad\j Lolj^i "jjL^j ^L^u ^jJl 01 i^l 
LpjL>»i^J i jd\ Lr - J jLLjl J5" 0! JjiJ dDS ^j idll^K SiLvJi ^ ■jjLj 
iilwJlj ^jJi o!>L>-Lj tiSilw c*a*Jj <«*J jj* j»L->- s ill oL-LJ 4ij*jJ 



.103 J/^ : f Uftl • jj-. (1) 

. 26 iS/l : *i>JI ojj-x (2) 

A0hy\ -.Jj&ljy* (3) 

.85^1 tWI^Iij^v. (4) 

.4-3^1 :dUu!l5j^ (5) 
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i*±S Ji, ta ^L* J\ ^^Jl oti^ ^y^J ^ ^ ^ ^jji ,j^ 
ji\J6 pli ^U^i^j sjjL j^jVl jjSj JL>J| j^J ^j)> . . . .a^^j 
^Jp yU»^J| ^ ^j ^j sj^U. L^^j" JL>J| ^jj} c (1) <£U4 ■> j'.- 

> oij Wfij*!* .op, atf * >L. >UJ! *Lji ol^l J**« tji 
V <^T (OISUJI - OUjJl) ^LL^ 6l£Jlj OUjJl ^ Ja^Jl 1 J> ^p ^bijf 
t >*>J *uUf c^S 1 li^i) . jik. 015^ jt jlk. 6Lj ^ ^ 6l .>?,-,•■ 
UaJ^I j^ Sjji JS" ^ d\i tOs-lj jIju ^ *S>i, &laJ Jj^ OljjJu 
L^il lij, ajU tiJliJl SjjjJ! uIsa! ^i IL. lj^5jj Sjj^ tOv*) *Jai Uoxp 

(C + V) ^ .iU-jl ^ o^j (C - V) ^ ^bo ^ ^1 ^ jiUJi 
r " dlli ,y t W(2V) j* iU-j)f|j V UJJ| ^ (ijLiJl D^i r l ^j 
^1 l«J ^J .uLU! <■$>. 6^ 'U&~ l^ ^jJl oL-LJ 61 r-b^l 

• S.^UJI plij-AJl ja OjJ^ ^Lp UJ»>. ^ SJjO^. JULfe- ^j ^L^^l 
•y.^1 j>J JiSfl l5 1p) axjWI ^^i ip^, i^ji c^j^^U tSj J-r ^U ij 



.47 iSlI lui^Sai Sjj-, (1) 

. 88 Vi\ : J*x!l Sjj^, (2) 

.18-17 t>lsj*5ll iJSjJlSj^-. (3) 
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rjj J& fliill <u*-J U LjJ J-/w~ Ji <l)jyjjj - Dj_^3l : rjjj' J-^ j" 
,y*j ( o ) L»Lj <UJil l fa .<>..,J i**i a (j*Jjj y ^—^^i 6jjjj _# - 6jjs5ol 

«LJu,^5 <U>tJU <l)u o*JL» "Vj^jw^^iJI il)l L»jj C A^*J»uij>jj^S <LnJti| * i^aJO 
JUp !>Ui Ja>-jJ U IJlaj oiUJl <JU»* ,-i iJI_>>tJt>U (J^jjCX^ JLSlilLi 

(JUpI <y SjiUaJl iJj^aJl 4**iSll jUi JLS'j^j yill y>lj>laJl -yj 

jA <_,£!» ^1 <J (J>_/Cj (^JJl Jlj-Jlj . W>UJ| ftjlA i^lji <wO>-j ^ji- 

jJLp iUiP^L; (_5_^i oljll*. ^t jl i-^IjS'j *j>«j l5 Lp jjiull OlS^li Ja 
fUoj^-j Jj> Ju>-^l JJjJl ^ J* j\ ?l^. SjiUJl iJj-^l **^Sl 

oLLUj oLmU y>L>«JJj Ljw ^jl« ^jJJ 61 Ui Ui'j *j^ . . o^J. 
01 J>\ AiL^I . . ^ J5" aJ ^y ^Ul Ji>J! Jl iiLk« c-oJ ^ 1 4^ 
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p-So . . ^j>d\ iyrj ^ Jp Jp Jjj V h jjl aJL*s di\ . l&Jj /^kuJ Mi 
J (^ J^d-" ^* •^^* «->' J j>^ lJI tj^ij Si yr y ^j i£j ^ f j^' a- 4 

ia*j ^1^1 i5L* j^Sj pJ 01 *U«iD ^^ Nj «iUI iUjJ JJ O^QJ .^j 
llfi tljai j] I j-9- jl liK* *]L» 61 cJli IS} OS} rwJ OlSCJl jl jj»J| 

jj»j <u ijjj>«^ y^-Nlj OlXJl _y>j ijJL>t« Uaj>-I tOMviiii ^ OUjMi* 
01 doO>Jl jJUJl Jtf li^i) SiUl .fljj U jj^d IjuI JUv. V Laj . EiU! 
tl*>-L» OiLS Jij ZjJ&xa "diJtJ jjJl oiLJl O^Ai Curved ujJbw* flyiiJl 
Jb N SaUl ijrj ^UjjJj (1) (^UI 0^31 j£Ji S*«|ja Jl LUJ! a~~J| 

oLj.o.^1 P-Uoi oiUJl L^J cJJui o_£J 01 JLp (JUjNIj *-j-s*aJl ipj*- ^Li ^| 

: JlxJl JliJl Jbtb <L,j 

cJL^j cdkpL- Jl cJl o^j -U/jUS" 300000 ip^ ^1 *^*aJl <p^ 
Jp ox« Jl J^aj 01 ^ijlj t U-Ly3 i*— bdl Jl _^SJ LfjjLip j\ L^jjUil 
U-Lv^ i«-UJ| <*>LJi fcjjijl JLa Jl J^ii^ dU^i JS 300000 iiLw. 
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•j-xlj *.j^l ipj-j j;— j* *iij^ cJjJl IJL* jjj*j j*£i V SjiUaJI J^b 

|JL»j . 5JL>-(j XJIjj ix^bJ! L*ljJj -CpLj l_^dj >^Jj*j (_£* jUx<Jl i_JIj^i 

O^s US"jl>-^ wJL coll y> UJl L5U53 coli ^jll Ol djJUl -j5Uj M» 
j^3 JaJii <Jji (_^-h L* L«i 1 4_Lx5CSl j] ip-j^Jl jl AiLwJJ «uJLi>- <UJ» iiL* 

. (1) ^^i^ 1^15" Uj -(ill f UJL \jJ£ jjAJI ^i- 

:(lbS3l ( _ya>«j UJ) 



IDo 

m = 



/ 



.45i.Nl J^^.Sj^ (1) 
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^ill ip_^ _ C tdk*^ _ V tttfU euS ^] cilikS' ^ _ mo c <S>>J! 
d*u lilxkS" OJi (.j^iJl ip^o eS>u" jii ell/US' 300000 Hi US' ^j 

: OjSCj LfUi 

m 

nrf- v = c ^ 

v 1 - 



!*- 



,_\ 



m :0i^ 



m = = oo 

Zero 



iJ^xli j*—^- iiU* ( _ r J -Ul ^ ivAjwl>- f^fi* SJLJt>- dll Cj«-^j A-jw^'JI 
l)1 LU>«j 1 j^Lo* jl t y k ip ^L-l ^! iJL* ^J AJl ^T . P-jvaJl <^j— J 

. ^iU jlk* p-^-J- i)L* ^^J y-l j>**j 
aJL^JM ibS"cJlS jJ tUjj tjjjjJl *<_sjUJ| ojj-^ax. JLitiL-i ilL* 01 

\f.j^ai\ is-j^j jfwj Uwp- a_«j*J! ^Jci^j *— i«£i 4jc*j^I> <l)i£ol CUP Jjj 

^Jjjjb jJUJI ^j -^jls-SjT 4^ y>j dJDJU t*J JL«J. c*>w>l OLJ^I 
J^oj 4JLuL*aJl pJLP IjUj ^Lm IjlJI IJUj 1927 »Ip dJJU t*J Iju- 
,_yjlij .i^Jilj>JJ ^Las^l A^jj^l (»j>fi«j Probability JU^>-NI fj>fi« 
iji* 01 i/pl* ,*-*>• aSj>J iwJIj^Jl ^^Lp J^s^^dl ^y) -ot ^yLp Ijl^JI I Jla 
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dLJLp U.A'irt.'i ^ a^u dJJLS j^ ^jL-j LL-ji JjJjf* . l^K 4JLi>Jl ( _ r »Jj 
U- lij NJ a~~J l*K (,) ^o#^l ^J^* ^\> J*^ ^ -il ^ 

. aJLs-jJ! iiikdl 4JLJL>J| ^jfj t il'^bjJlj SjxJl lIjj -y> 4JLJL»J| 



CJ* 



.78 Vtfl :_>Ip ojj-, (1) 
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t/ j^^ js* J' j-^ J^ (»-*Lmo U^j^j* V^l til !?ajj|j^J| 

^^1 V^ {jsi tU ^>- (Jl JjJL* jJj J=uj *\y~\ cJjU- wLllj 



.104^1 ^uMlijj-. (l) 
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i 1*4* Ijji Aj_ r UtJl oJi* c~*J Jij (olfjj oljj) 0^£U 14*49 ^ 

»U^I Jji Uij . . L> DISC ^jij L> OUj ^» t aJJ. ^jf^jj dsLu^l -y la-j 
oJL* (!^l jJUJl ^1 4ij) >^ c^r ^t v-*-"^ ^^ l> 
y^Jl I4! y>jjj Theory of every thing r-^ ^ *ij& [4A& jlM <j_ / laill 

.ljUaI>-lTOE 

ililjw i_j5J «iUJbj tJ^ljJl J^^ AxJl cjW>I aij (f-UjjNl t^yJl 

, . 4J j>4^J Lg-W- /P*-*^ oAp-Ij 

jJU y-Slj ^L^ll jJU J^-Sj c^JJl jJUil cjUfj J*-i! Ji»-lj jJUJ 
ol5jljS3lj oLjj^^SHNl JLp t The Elementary particles aJj^I <J5UjJ| 

l ys\j>ti\ oJU l (JUJ I IJ4J AjL*-jSC]|j JjljJjuiJl ^IjiJl £y» 4JaJ>lw> 4^4* 

ol ^1 (TOE ^^ JS 1 aj_^u) AjjJaJl pzrjj • a^JpLJwj^^^JIj ajj_^J|j 

o^li aSj c*JijJl jUJjNI ^y (ILL- U^Si US') d)j5j <u^>-L 0_>S3l 

• • "u^ J 5 " ^j& ^J U^-it ULJ) 0jS31 oli -jjj&j fc^Ul WliiJl 

CjL^JajJ! ^ _«iS^I ^1 bbi»*p|j AjjiaJl cljJ-iJl pUIp ^j*— j 

jV-JUtJi iw^pjiwj px-s^u AJliiA /_P^ ^-ji^^ rt-jkLij p-^y a-vv=»Lj Jl 
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»Sa ^j . jJUll ij^j hjti g JpUi Uj ^jjJlj L5 J J J! ^^LJLiJl 
l!~~ String Theory 4^1 I^kJl ^ ^|j J^ ^^J^ ^j| ^^1 

^it^kl! oJla ^a Li 

jljll cjULU J> ^j 6j£!l II* ^ ^Ij ^U~*>Jl JiT jy J_ij| 

JjUj US' iiJUxl4 SJjJp i_JL,l J^J ^j _yUJ^. 10" 33 Uji LiJai j\ 

k^^r "J^r* 1 u^HJ ^ ^ jl ' ^U» cOLr*' -^ JS3j . OUSCll ^j 
.QuantamMechanics (l) ^1 diJLCo -jJl y t-^-j^j 

^-f*- 4 ^ c5**k/" JU^JI ^ CjUp AjyjJ! «J^lai)l oJu C-vbUo JL5J 

cjpU- ^^ . jJUll j>.ji ^i Jj>- t L^o UJ c^-JUj sjlp. cjL^ ^| 
jL-jS/I JS" 61 e^xs! j\\ Sj^uJI ILjiJl sLlwJl jujl>J| _^lrdl ^ 

^Ji 5 ^^' °J~*i ^ ^ ^'■^ *i j^l »"i-*J ^0*1 ^Jj> eixL" AiJU^uJl 

aJj! UlS 1 *LiS/li String l^j jf Fundamental particle "LuLul L~~*- 

,_/>- •!)l*3 i AUS' ^LxJ! 015" ISLJ jw-jj jU ajjXIJ! 61 £&4j 
c(tiL, ijj U5) U!}U ^ *b^J| Vj i!d| s^Lt jUu b\ U -^SUj 
jJj .^XJl ^-sCJij ^bjJi y^asJi dlL" ^i sJjf-o Jj^txi jUjSlii 

i.^ -^ jlk^ ii>Lu ltj^jJ jl. J I x^J hy±J\ hjkS\ 6j. 
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L*-4^j (£S~^\ if *&&>"* J' dj-*-*-^ l -**"^ U-^J *4^ L*4^* J^ J^ 1 ' 

'. jJliill "LJ ?r^i>jJ Nil* 
OL~oUl ONUx* lib-A cij^JsLiMj^^JI Jjj— S'U e/ioU* ,j> 

•p l_aJh>u *iJaJ !_)*& llUaxJ il^Loll itaUjl ^i j>-^l OlSv* Ua Jj>-I 

ob»olll Jlc- Sj^U J^Jio OjXll 61 Lwi/il lij, (^Jj . iJU>\ll *iJ&S\ 

Oli i«J>^r j' <Jb-^ W (5^^-i | -Ja* ji 'U^^ 3 -*-'' ^^^Ji ^^_/£^l 

. /j^lix^i jl L»Uj jj^jXdjLkio OUo^/ij (/j^jaII jl) ^zj k JkS\ 

bl*j| ijj 01 j^j *-$a (JjL» j-* ^yii^J 01 ^JjJjJI AjyaJI ^uJalwJ 

^ ijj US' J~»*-Jl OjSCll ^y cjIJLIIj) tisj^jcJl ajuj il iUj^l ^J- Lg^l 

Cj ijj d)l) LiU?^! &~Jl iU»^1 d)l (j^j^J ,_yp (bliiol e-bj^Jl i-JjiiJl 
^^ip iuiLi) (Space - Time Ljl5l» _ UUj jiwi jA\ j£j^\ JU- ^J US' 
jl jLJ^LS' Sjj^SOl cjL5LS0I JJ {y> LgiLl^Sl tiji Jj>«j S^^ S^uio U>*Ai 

M ft 

US I j (La>«J L« jA ^UjNI (jiUSol jJal< aJJ JU^^jj i±jJL>«j (_£■!! I (1)1 
(3jjJI /yo <L*JaJ uJji-l jJ ', \A>- Aa^i <U^jJlXa S^So ,jij /»U>- jll /yi v~X) 

1<J>) ijljk^i JiCi ^ylp UiL Luij tjjjJuu dJLLuj ^1 J^HlJI j\ ^jiJI 



, i_JjLJI jJ^^uJI (I) 
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Jss <Jl^6 j~*jd LgiL yc^> ^ d>j£J>\ a*J| [ yAz ^ ( a Ui! JSCjJI J> 




Oju ^1 iJbb 615" jJ d)l ^tXXvJ <iDS -y . . ilxjS/l ^j JLp ot^j ^jJ JJaii J I 

0| : Jyj t^u^i SjS/I ^o 5jj>JuJI <jjj"jJ1 <j^JixJl Jsjj Uijt jJ 
j->-Sll SjNI p.jsf oa^jj (|JLil IJE uJl J^U- y. c JU^ ^ i«SI j (j^jkll aJLjp- 
t(H0 £Jl oTyUl J s^jl^Jl Sj-i^JI olAl Jt>U ^j ^jjipli l^ L r i . . ^ 

t^^iCJL (j-SUJlj iJj^l ajjvjj^JI oU-^>JJ ^slsC L4JI Jp ijS'^Jl 
iu^JsUu. ^/j4>- olS'jIjSdl aJjj" dili j\j& JLpj t^LwJaUu. V,^ 



I.}>2 
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Ol rS^i i-Jaill J^J u^ Monopole L-Jaill J->-J LS *~*i V jJ V-^^*^ 

IJlaj . (1) (iu5> >l~Jt i$l ^ oJIaj - olS'jIjS' jLixJ Ji£s b\ ^jj^> 

Jji U5) jJwaJl r/r*ll l-^> ij> i£^ ^1 J^J LUjJI tijj^t 0j^]\ Jj 
Ji JUp jJu OjJj ^1 *L-Jl 01 iJjjvaj ^ 1 Oil C^Sk ^1^ ?UN! 

J| iij^jujl LaoLjI -y. tSjJaJ , . ^v-JajJi y>Nl UIjI ,Ji>- UJxj CjA^-1 
iS jj ^ X^^ ^^ ilalJl ^yll U>oj-tf JjptXl! i$jkci (^JJ U5) -butAJl 

LJUj> ^i l^blW ^1 SJj^l aJLxSCJI oJlaj (I4JI jliJl t^jiJl 

ojJlS Js» <&l IjjJli l°jf> : JUS ii~>- (tJajJl -A I (jwUoj . Jju -j^j JJ -yi 



i9j S^taJuJl 13 wli>^JI 1 Scientific American Si^J «jj_/JI X^>-_yJl <,*.^JL»Jl <1>^» (1) 

.Cv._,syi 1 1997 
.67 VVI ly^loj^ (2) 
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itflalf 

t.j>-\ liUj "L-^Jj t LjLqJ 4Jilk« CjLjijaS* t^A iLduJl CjbjJaJl 01 
iojtM «JdJ| ^ j| LJjp- *y> jJUJl _^ZJj jj»JJ CjUMp {j& ojLp ^j 

. [4** ikj^l (Jj^-^\ ilol_pJl j-— ill oJUUS" <Jil>J| oJLa »JLic^J 

Jaji^ 4j.il>- j~~<ij <j^i CjIJU LjiLdl Ojjli (1)1 '}lia JjiJ dJLli sxw> jiJj 

^^j Jai«j 61 <u -jx^j ills' _ytS"l jl Jjl ^1 U^>- 61 Jjill .^J^x-J 
LfiSCij ljZJu}\ i^JaJl SyhUaJl 0_^ScJ lfw>->u" J> .^Jj)}\ 4jj>L>JI 

jij CjLj Ifjli J^j ^yb ij^JjJl AJjJaJl (1)1 *_/> (.yj^Ci) cJlkJl JiJ 
JjJ^. aJU) yjiJl OjjUD ^waiJ I4JI *jjS3l OT^Jl ^ iJljjjiJl oyoUail 
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Sy.UkJI ** Uilji. V^i^ 1 S^ 1 ^ 1 ^.b jl-ku-Jl '-i* a" V^ 1 e>kuil 

L. l^j S^JiU Sj^ SjjS'UI Ul^ 1 "V 1 -^ 1 J 1 ^ W 31 <>> Wi 
• • ^1 j^ ^ H=rJ r^ <J^ ' js*-*^' V^ ty ^J ^ ^^^^l 

. . ilJuJIj OjJl *ui . . JLj 4il Uj 
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LkiuJ 


UjJI^Ltjjjj 


UjJ^tjjJI^SjjIjKap 


SjJ-uJI Jkull 


JXjJI 


170-142-132-123-55 


Bdajj B>» 


55-24-20-17-7 


BjJLJI 


2 


107-91 


ubj+ 


164 






164-111 


BjjxIj S_>* 


1-40 


e\ iii't.11 


4 


122 


Bdajj B>» 


46-44 


BaSUI 


5 


171-167-128-123-107-37-27 


Sda.lj S>« 


103-124-97-96- 59-46-1 


f l*iVl 


6 


168-168164-121-67 


BjaIj B>» 


189-187-143-157-25 


\ 


7 


96-92-49-20 


u^>» 


57-54 






170 


BjaJj S>« 


48 


JUi^l 


8 


171-170-120 


BjaIj Sj-» 


40-32-26 


**JlJI 


9 


175-115-95-71-48 


BiiiJj B>* 


101-61-45-22-6 


CH^JJ 


10 


119-30 


6^>» 


5 






154-141-73-71-57-55-25-18-17 


Boajj 8>» 


41-17-15-13-12-8-3-2 


ar-jJI 


13 


107-27 


Bilojj ijjt 


33-32 


j»jjkl^il 


14 


94-68-21 


Btlajj Bj-» 


22-19-16 


_>aj»J| 


15 


127-124-102-79-68-36-25 


Biia.lj b^A 


81-78-48-45-44-16-15-14 


J-JJI 


16 


49-29 


Cfcj* 


12 






137-128-107-79 


Sdajj Bju 


68-66-50-49-36 


*ij-yi 


17 


101-67 


ijb>« 


70 






172-139-136-89-70-68 


Biiajj B jj* 


97-96-47-8-7 


O^il! 


18 


167-86-67 


BdoJj Sj-» 


107-106-105-55 


<L 


20 


70-68 


L)^ 


53 






178-159-143-123-43 


BjaJj B_>-» 


98-69-48-44-30 


,UiVl 


21 


145-43-28 


ul3>- 


104-33 






137-158-107-70-35 


BjaJj B>» 


65-21-18-5 


H 1 


22 


164-127-105 


BiAa.lj B>« 


78-27-22 


j>«±tl 


23 


171-120 


Bj^lj Bj* 


40-35 


JJiJI 


24 


94-92-58 ^i^ 
1 


43 
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laJ-Ji 


Cil>tJiU 


UjjJI jlJ SjjjJI J Sjjl>ll ciLSI 


Sj>uJI A-Ull 


Jmliirtll 


92-20 


Btlajj Zja 


48 


oUjUl 


25 


25-23 


jb^j. 


45 






119-30-21 


cl>.^^5 


61 






23 


Ekia.|j S_^» 


189 


•IjjlAJI 


26 


172-89 


Bulajj S_>-» 


88-44 


iMl 


27 


102-97-87-68 


L)k>» 


63-61 






123 


Sikjj by* 


71 




28 


28 


Biiajj bj* 


61 


ClJO'tHnjl 


29 


94-60 


Siia.lj aj* 


48-24 


fjj 


30 


95-93 


Cibj* 


46 






105-87-28 


SiiaJj i_y» 


31-29 


uLOl 


31 


160-158 


CM>* 


10 






60-44-35 


SiiJi.lj Sj-« 


37-17-12 


bilAwUlJI 


32 


127 


Cfij* 


9 






100-94-74-69 


^J-* &J 


39 






139-115 


Sjajj B_>-» 


12-3 


\ l H[ 


34 


79-53 


ufc>* 


9 






157-146-108-92-90-28 


Soajj 5>« 


41-27-13-12-9 


>y 


35 


32-26 


SdaJj Bj-» 


56-39 


oy 


36 


43-30 


Cfrj* 


40 






52-44 




10-8-6 


allL^JI 


37 


93 


Bja.lj Bj-« 


36 


o° 


38 


183-164-121-120-77 


Sda-lj B>« 


69-67-46-22-6 


v>$ 


39 


177-143-108-70 


Siiajj 8j-» 


80-78-72-64 


(A)^ 


40 


145-74-69-87 


EjaJj Bj-« 


39-11-10 


'*** * *•" * 


41 


145 


SasJj B>» 


10 


(jlA.J| 


44 


132-102-97 


Soajj Bj-» 


23-13-12 


VM 


45 


99-91 


<jto>J» 


5 






128 


SjaJj Bjj» 


26 


uilXx-Jll 


46 


167-139-44 


Biiflklj B_>-» 


22-6-4-3 


j 


50 


164-87-74-69-68 


iil>» yjl 


7 
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^UXuJI 


dyAM. 


UjJ jifl ij^uj ^ jjjljH cLSI 


JjjjJIjuJ 


JXal 




163-161-68-60-48 


Sjjxlj ijA 


49-48-47-44 


oLjIlll 


51 




89-53 


aa^-lj S>* 


44-10 


jjU 


52 




164-46 


Sjajj S>« 


45-1 


r^Ji 


53 




46-43 


ifij* 


49 








105 


Sjajj B_>-« 


15-14 


>Oll 


54 




105-103-101 


u^>» 


13-12 






164- 


139-101-67-61-30 


SdaJj ijA 


52-33-20-19-10-5 


ij-**..)!! 


55 




105-103 


u^ 


24 








51 


ol>«iii5b 


35 






171 


-100-86-81-26-25 


Biiajj 5_>-» 


85-69-68-43-30-6-5-4 


l*ll>JI 


56 




18 


Sjajj Sjj* 


76 








49-18 


U^ 


75 








136-123 


Sa^vlj 5_>j» 


25-12 


^^1 


57 




121 


SoiJj S>* 


8 


lXuJI 


61 




122-121 


u^ 


8 


^UiJI 


64 




123 


5kia.lj 5j-» 


8 


(v-^lll 


66 


171-127-101-81-67 


SdaJj 8>» 


30-23-16-15-4-3 


dUI 


67 




52-45 


O^ 


5 








144-86 


SdaJj S>* 


9-8 


£ jUI 


70 




119-30 


U^ 


16 


C-H 


71 




52 


5da.lj 5_>a 


9-8 


6^1 


72 




172-85-79 


6l3>* 


18-17-14 


JV>1I 


73 




144-58-34 


Sdajj 5>* 


9-8-7 


i-LUI 


75 




26 


BaaJj S^» 


41 


ciU^ll 


77 




145-48-45 


Cil^^ib 


8 








100-87 


SOaJj 5>» 


14-7 


Lill 


78 




101-88 


Sjajj Sj-» 


32-31 


cl^WI 


79 




101 


StlaJj Bj-* 


25 


L>^ 


80 




145 


SaaJj S>» 


11 


j*>^l 


81 




145-48-45 


^b- tfJ 


2 








100 


SjaJj 5>» 


3 


jlLiiVI 


82 
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JaJL-J) 






Idjtl jfJ ijjJI ^ Sjjljj otjVf 



Sj^ijJI jluiI 



JjjUJAuI 



82 

82-81-32-22 

18 

79 

83 

151 

116-81 

142 

142 

143 






3 
18-4 

1 

12 
19-18-17 

21 
8-7-2-1 

11 

6 

3 



i 



84 

85 

86 

88 

89 

99 

101 

104 

111 
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l|1U A 


Uu.Lu.ill UJaJI 


i a'i,u-»i| 


jA*a 


LJ^jUl 


uA>*JI 


iaJL, 


cuiPSWI 


iPA« 


JUL* 


«i*ll 




(JjLx. jj -pill) ji^ 


A :A*MI ujj^I 




•A - * 


jj-j^^jjjjj jjjj-vi 




(s^->* UJ>^") ^W->» 


OJ-PI^I 


jLiJll (^jivJJI 


(ljJJ-» Jl in «) "Ljui-j.* 


aLil (^jjII 




jAxo 


A 'AfcP ojj^I jl^**-* 




jAnO 


jii _pJJL» (^J;^* jLm 






u«UI 


lU&II 


^^l^»J™ 


UJrf^l 




jJLwa 


6^1 




VL- 


jLUI ^Kl| 




jft IO 


^ 




***>• 


tl»W 


dHJ^I 


ijJLu 


jj3jjj jLJm 




jAxa 


uOAjrf 1 




>i*o 


I.U* 




M^JLui < J-Luo j«La^.j-« 


1 OS Ml 




HjJLuI <jXu3 <<A^._^» 


s?'-J 





jjjbjJI » 'i i n l | i^jiLa-T-J «Laa^J| tjiUoIl 



(6) Si^f 



ij> 
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$ljtlljj.Litll 

.^\d\y}\( 1) 

O^LisLlaJl (y^>- *Uj>l» JL^Jl tOljlil JJ*-ij (_y» ^'j^' ( 2 ) 

cls-l jb t^li -(IiIjlp jlJI k%JJ t*jj53l 6lji!l j^-ij ( 3 ) 

tojy i-a«pjj i>^^ ^1p »L.Vl <±j\j ^J * i *Jai\ fji*Jl ( 4 ) 

.OLU-Cjj^ * 1968 4 lJU tLoJUJl ljy> £j\jj£x* 

'JS^^I J^ 'VtrfJ V^ ^^^1 K>jl jr-'tj ,_jjj^l J=Lj>rJI ( 5 ) 

t6L*^ -ajw .f :»JJb tgijJl Jl jjjliJI tiiyuJ! JU ( 6 ) 

. f»1973 c8xbJl t ^iJlU>^( 7 ) 
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.j»1985 i2i» tjLJ i-xiC. tSjJluJl iuJLJl <pj*-^J|( 8 ) 

. M997 Jjjjl 4 Scientific American iL>** ( 9 ) 

fJid! CujSOl i~~-J* : -^p C-jy£J| ^ ojiUaJl a^JLp il^. ( 10 ) 

. ^1997 j>yS\ Scientific American il>«J o^t i^jill t j-JUl 
jiUJl^py.L. .i i2£tii^JlcjS£A»Jl tfjUl UJLi( 11 ) 

caJU-^JI iw). _ ii» ^jU«j £>l^ jj^jJI : SjJUl gu>l: ( 12 ) 

. f 1980 o Jj:rf 4 lJ» 

olj_^* .sj^4 v-i^-jj '(vJj^l OT^JI ^i v*«^' fj^l ( 14 ) 

. dU io w 1968 1 lJ» tUJjJl Sj^ 
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otjm 






AxuL^aJl 

5 

6 jjJlfcJlj £iS\ 

7 ^LJI i-di, 

9 l»JJUi\ 

13 JjVljWJl 

15 &%o~^ 

23 *±fij JWI 

27 >UI 

f J^l 

51 oU^L^Jlj iijUlj ^^Ji 

55 (JpI^JI jD Jip^Jlj j^ji 

65 



^WlJ-AiJl 

67 . Vj, 

74 u^ iSj^\ V-Ji 
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77 (V^j^l olj^Jl jl) JjVjJl 

83 JUJI 

91 jUill uUJlj ^J\ 

99 L^-ULcuj jL^Sflj jUJi 

103 dliill 

109 ,Uli]| j^l 

HI SjJUl 

117 jjJIj^U.JI 

124 j jvJi ^isU;! 

"' j., rt ,J|j Jt*_wJI U^i> 

135 Sjlj^iJl U^slj^J L y\x^\j Jbi>Jl 

141 l^l^jUl 

146 oiUJl 

161 S^LJl Vfb-Ol 

168 Iw.^'Jl ij^laJl 

178 obL oUJ 

184 ;UjUJ| 

186 JjlJbrJl 

191 ^rl^ilj j^UxJl 

193 C-wi^-i)l 
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^jD hu\J\ iUI U^ teyrt £" ^ 5UaJ ^ 
S^jl^JI **J U^J Vf*' V^J (\A^ V^ - *kj^ 
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r 






b^_ 



V/tUilSllj-Jj 
3-U* i|^>- ju»»* ioU| 

4 / ^ ,J UaJI jj»,u; 

V /\ JL*JI itjSlI jjjj J jujUL| 

i • l\ Igfiito ^Ul UJL k^ ^ 

- -J® 
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V 



A / \ »U-Vt viV J A**S a>«*»JI *»yy 
\ A /\ 1.1*11 LuiJI JjUJI ijib lej**,j* 

1 JLJl>J! ja*^ 
\ . /\ jl|tSl **ftl ^ jljlVl oil* J*** fe^ 

a / t vuyi *& J V?* 1 ' ^yy 

^-.^L^l -Oil I sJerUl ,y ^j*f 

\\ / s iuiij uuoi j jjjuji ^^-^ 



J 



J 
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XtSUtK- 



*•_)> YVT /\ *jjSJI ^j2i\ k£« X*y*y 
\ » / \ *i»* jI (_^*ll •j**» ^ «a«^a!I lpy*y 

iiyJI Ujj^I doiU-Vl ^ k^j^s*. 

(jj>JU<aJl S^j-iJl /"USiJl Oj-^L>mJ V (^_ Y 

(,_/>,>) t/j^l fL»"i(l jlJI oU)j)j **fij+>u 

jJLvJI JL JU»n JLfjJI JUJI OUI^ hy*y 

•Oil (Lil ^*w*- JU^pt JLJI Cj[!)\$a Ifiyay 

\iM ,ww (4^ J**** pt«*Ul olilj^ <Ip y*?y 

)L*M ilj^ JU>M WjwJI CJ\M$a IpytPy 

^^iu tjj&j* "J^**!! CjUIjjj Ip^ww 

u^juj iltf** - *" ■^♦'■l ^U«*ll oUlj^ 1pj**« 

^jU-JI ^yla^jJt CjUJ^j KPj+>tA 
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{f) fof.^PtW »U VI foP iUJj^ iP^4J»J 
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j!>UVl ^p ul£ ipf*** 
x*kl\ fop u*£ Xp yj? 
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